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MCAK 3IMDING COMPOUNDS 



The present invention relates to z - - .-- -_. 
and conditions of the central and peripheral nervous 
5 system, treatment of diseases and conditions of muscles 
and treatment of diseases and conditions of various 
organs. In particular, the present invention concerns new 
compounds which are capable of stimulating proliferation 
of and/or neurite outgrowth from cells presenting the 
10 neural cell adhesion molecule (NCAM) , such as neurones. 
In a further aspect, the present invention relates to 
compositions, and medicaments as well as methods for 
treating normal, degenerated or damaged 13 CAM presenting 
cells. 

15 

BACKGROUND OP THE INVENTION 

The brain and thus nerve cells and. their function have 
during the last decades become an increasing subject of 

20 scientific investigations. Without doubt, the proper 
function of this complex system is extremely important 
for the proper function of the body and mind, it has been 
found that physical and mental malfunction can be related 
to i.a. abnormalities in level of signalling compounds, 

25 including neurotransmitters . Some malfunctions can be 
related to decay of nerve cells (neurones) , connections 
nerve csxxs and : ... - .:• z-~ .• ■_. -.. £ ~~ - 

and nerve ceils. This is e.g. the case in 
neurodegenerative diseases such as Alzheimer 1 s Disease., 

'30 where death of nerve cells leads to senility. 

E xrinc the development of the brain, connections between 
nerve cells (neurones} are formed. Such connections are 
necessary for communication between' neurones to occur, 

35 allowing individual neurones to function together as a 
whole . In the mature brain, connections between neurones 
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are constantly reraodalated to accommodate new demands 
from a changing environment. The ability to remodulate 
neural connections is crucial in learning and memory and 
in regeneration, e.g. after damage to the brain or in' 
5 neurodegenerative diseases. 

It is believed that the mechanisms controlling the 
formations of neural contacts are generally similar in 
the developing and the mature. Several mechanisms are 
10 involved in the formation of contacts between neuroses ' 
including cell adhesion, the formation of nerve cell 
extensions (neurites) , f asciculatioh (bundling of 
individual neurites) and formation of contact points 
(synapses) . 

15 

Cell adhesion molecules (CAMs) constitute a group of 
proteins mediating adhesion between cells. A major group 
of CAMs belongs to the immunoglobulin (Ig) superf atnily 
characterised by the presence of immunoglobulin domains. 

20 The neural cell adhesion molecule (NCAM) is such a cell 
adhesion molecule of the Ig superf amiiy that is 
particularly abundant in the nervous system. NCAM is 
expressed in the outer membrane of nerve ceils. When one 
NCAM molecule binds to another NCAM molecule on another 

25 cell, the binding- between the two cells is strengthened. 
NCAM not only binds to NCAM but also to other proteins 
found on nerve cells or in the extracellular substance of 
the brain (the extracellular matrix} . By mediating 
adhesion between nerve cells - or between nerve ceils and 

30 the extracellular matrix - MCAM influences migration of 
cells, extension of neurites, -f assimilation of neurites 
"7 - r - zz 

NCAM expression is correlated with raorphogenic events 
35 suggesting that NCAM is important during development 

lEdelman 90) . Thus, IJCftM is believed to be important for 
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the development of the nervous system (Dastcn et al 1996) 
and various organs including the kidney (Lackie et al 
1390} , the liver { Knit t el et al 1996) ., the bowel 
{Romanska et al 1S9S) , the heart (Gaardsvoll et al 1993), 
5 the gonads (Mailer et al 1391} , the pancreas (Mailer et 
al 1992) , and the muscles (Landtneaser et al 1390) . 
Therefore,, ligands capable of influencing HCftM function 
may potentially be beneficial in conditions of impaired 
de^^elcpisent of these organs by inducing appropriate 

10, differentiation of target ' cells (Walsh et al 1990). In 
the brain, the role of WCAK has been supported by knock 
out nice which have altered development of certain brain 
regions , including the olfactory system, the hippocampus , 
the cerebellum and the retina (Cremer et al 1994) . In 

15 these tissues, the lack ' of NCAM expression impairs 
migration of cells (Ono et al 1994) and outgrowth and 
fasciculaticn of neurites (Cremer et al 1997) which in 
turn leads to altered synaptogenesis and morphological 
and functional changes . Transgenic mice with a change in 

20 the NCAM gene to produce only soluble NCSM forms die 
before birth further indicating that NC&M functions have, 
great potential to interfere with development (Rabinowitz 
et al 1996) . 

25 In the mature nervous system, KCSM have been shown to be 
important for the plasticity -f neuronal connections 
associated with regeneration, learning and memory (Fields 
-,c ,1 1- - - . ^ - is 

believed to be necessary for outgrowth of nerve fibres 
30 and formation of nerve -muscle connections in regenerafrie: 
after damage including lesions (Nieke et al 1985} and 
: - S95) . 



Moreover, KCftM is presumably involved in ageing-related 
35 impairments in the ability to regenerate peripheral 
nerves and nerve-muscle connections (Oisen et al 1995) as 
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well as in a number of degenerative muscle diseases 
(Walsh et al 1385) . A similar role of NCAM has been 
observed in the central nervous system where NCAM is 
believed to be important for neurit ic outgrowth, 
5 fasciculation, branching and probably target recognition 
associated with regeneration (Danilof f et al 1985} . In 
addition, NCAM-M&G double knock out mice have shown that 
NCAM is also necessary for myelination of neuronal fibres 
which is of crucial iinportar.ce for neuronal function 

10 (Carenini et al 1397} . In learning, subtle remodelling of 
neuronal connections is necessary for the stabilisation 
of a memory trace and it has been shown that NCftM 
expression changes concomitant with such changes -(Doyle 
et al 1992). Moreover, interference with - : not i 

15 antibodies or in knock out mice impairs the ability to 
learn (Luthi et al., 1994; Renn et al., 1995; Scholey et 
"al 1993} . From knock out mice, it has become evident that 
NCSM is also involved in other behavioural phenomena. 
Thus, NCAM knock out mice have altered circadian rhythm 

20 (Shen et al 1997} and males shewn increased aggression 
(Stork -et al 1997). In humans, elevated levels of soluble 
iJCAK forms have been shown in schizophrenia (van Kamraen 
et al 1998) and sclerosis (Massaro et al 19S7) suggesting 
that NCAM could be of importance for these diseases. 

25 

HC&M is found in three main forms of which two are 
transmsiabrane forms while the third fern is attached to 
the membrane by a lipid anchor (see FIGURE 1} . All three 
forms have the same structure extracellularly consisting 

30 of five immunoglobulin domains (Ig domains) and two 
,u iCthi like domains {Fall I domains) . "- zz = z- 
form of the MdH contains a signal sequence. The amino 
acid sequence of 140 KeS isoforra precursor of human SCSM 
is shown in Figure 17. The Ig domains are numbered one to 

35 five from the N-terminal, that is Igi to IgS. The 
fibronectin domains are likewise called Fnllll and 
■ SOBSTITlfTE SHEET (KILE 26) 
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FnIII2. In addition to mediating cell adhesion, NCAM 
affect signal transduction in cells {Schuch et al 1989) . 
When an NCAM molecule at the cell surface binds to 
another cell, a signal is transmitted to the interior of 
the call ( transmembrane signalling) . Within the cell, a 
signalling cascade is activated that subsequently 
influences the behaviour of the ceil. It has been shown 
that signalling initiated by NCAM binding can stimulate 
neurits extension (Bcherty et si., 1936). 

It is unclear, which of the NCAM domains mediate cell 
adhesion and signal transduction. The generally accepted 
hypothesis predicts that hemophilic NCAM adhesion is 
mediated by a transreciprocal interaction between the Ig3 
domains of two opposing NCAM molecules . Considerable 
evidence supports this notion and a putative binding site 
has been identified (Rao et al -1992 f Rao et a! 1994, 
Sandig et al 1994) . Also ligandlT affecting the Ig3 domain 
have been shown to inhibit NCAM mediated cell adhesion. A 
recent hypothesis predicts that not only the Ig3 but all 
five Ig- domains mediate hemophilic NCAM binding CRanheim 
9S) . According to this hypothesis, Igl of one NCAM 
molecule binds to Ig5 of another NCAM molecule, Ig2 binds 
Ig4 and Ig3 binds to Ig3 . Thus these two theories of NCAM 
binding are partially overlapping. The present inventors 
and their colleagues have recently proposed that a double 
reciprocal interaction between Igl and Ig2 . domains of 
two apposing NCAM molecules may mediate hemophilic NCAM 
binding (Thomsen et ai. {1996), Kiselyov et al. (1997), 
Eenn {1997 J . Raan observed an inhibition of aggregation 
of neurones in a culture ©f hippocampal cells when adding 
small peptides which were previously identified as 
capable of binding to the NCAM Igl domain. An additional 
stimulation of neurits outgrowth was also seen. %mm 
neither disclosed the sequence of the peptides studies 
nor suggested an exploitation of his' observations in 
SUBSTITUTE SHEET {RULE 26\ 
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medics 1 it t ' 1 conclusion, the mechanism of 

hemophilic HCRM binding is still a matter of debate 
although most researchers in the field favour the 
hypothesis of a an reciprocal interaction between all 
5 five Ig domains or at least between the Ig3 domains of 
two opposing NCftM molecules. 



Antibodies against NCAM, purified mem protein and 
recombinant NCAM domains have been shown to induce signal 

10 transduction in certain cells. High concentrations of 
NCAM antibody can induce a transient calcium increase as 
- well as a pH change in some but not all neuronal ceils 
(Schuch et al 1982) . The recombinant NCAM domains Igi and 
Ig2 and the combined domains Igl-5 can induce a similar 

15 transient calcium increase and change in pH in certain 

cells CFrei et -ml 1992). When used as a substrate or 
expressed by a monolayer of cells, the NCAM protein can 
stimulate neurite extension. The response depends on an 
interaction between the Fnlll domains of NCAM with 

20 fibroblast growth factor (PGP) -receptors (Doherty at al 
1936 J . In addition, an interaction between the 
cytoplasmic part of NCAM with the tyrosine kinase fyn is 
of importance for neurite outgrowth (Beggs et al 1997) . 

25 This interaction is believed to activate the Eas-MAP- 
Kinase pathway (Schmid, R-S et al 1999) . 



Also, recombinant NCAM domains immobilised to the 
substratum can stimulate neurite extension , branching of 

30 neurites or fasciculatioa of neurites. Thus the Pnlll 
-■•r?-~~* of BCAM can increase branching of neurit-.; 
used as a substratum {Stahlhut et al 1997, Rasper et al 
1996} . Moreover, the Falll domains have been reported to 
be the most potent NCAM domains to influence cell 

35 spreading and neurite outgrowth . Ig 1-5 also influenced 
these processes but less potently than the Fnlll domains 
SUBSTITUTE SHEET {RULE 26! 
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CFrei et al 1992} , In contrast, Igl and Ig2 most sotantlv 
promoted ; II adhesion and cell migration in this study 
(Prei et al 1992)... Frsi et al also observed stimulation 
of neurits outgrowth by the isolated NCAM domains Ig3, 
5 Ig4, Ig5, PnIII,l and FnIII,2, but not by Igl and Ig2. A 
sequence located between the Ig5 and the FnIIl,l domains 
have been shown to be important for fasciculation of 
neurites (Poller berg et al 1993) . The Ig5 domain of NCAM 
is of major importance .for neurits outgrowth due to the 

10 presence or absence of the sugar chains polysialic acid 
(PSA) on this domain (Rutishauser et al 1936) . Likewise, 
the Ig4 domain is important due to the presence or 
absence of the alternatively spliced domain VASE (Doherty 
et al 1992) . Synthetic peptides corresponding to the VASE 

IS sequence have been shown to interfere with NCAM 
stimulated neurite outgrowth {Lahrts et al 1997} . 
Moreover, the NCAM Xg4 domain is presumed to bind another 
cell adhesion molecule, LI, and thereby to influence 
neurite outgrowth (Borstkorte et al 1SS3) . In contrast to 

20 the effect of immobilised reagents, NCAM antibodies or 
recombinant domains inhibit neurite outgrowth when added 
in solution. Peptides corresponding to the presumed 
hemophilic binding site in Ig3 or mutations in this 
sequence in the Ig3 domain have been shown to inhibit' 

25 neurite outgrowth stimulated by NCAM (Sandig et al 1994} . 

However, an antibody against NCAM has recently been 'shown 
uc stimulate neurite outgrowth (US patent no. 5667978} . 
This antibody recognises the Ig3 • domain of NCAM . All NCAM 

30 domains have . moreover been shown to influence 
proliferation of glial cells, neuroblastoma cells and 
fibroblasts, the Ig3 domain being the most potent. This 
function has been shown to require interaction with MAP 
kinase activity (Krushel 1998) . It has been shown that 

35 .various inhibitory ligrands of the HCAM Ig3 domain, 
including small peptides corresponding to parts of the 
SUBSTITUTE SHEET (BILE 26) 
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Ig3 domain sequence, can inhibit glial proliferation (WO 
SS/18103) , 

These data suggest, that the NCAM protein or NCAM ligaads 
5 could potentially influence functions of the nervous 
system and other tissues. Inhibiting glial proliferation 
would potentially ba beneficial in degenerative 
conditions {WO 96/18103, US 5 S2S 040, US 5 SS7 378) . 
Alternatively, if NCAM functions, particularly the 

10 induction of neurits outgrowth, could be stimulated, a 
beneficial effect on brain function would be possible. A 
• stimulation of certain in vitro NCAM functions has. been 
described for an antibody against NCAM Ig3 (US 5 56 7 
578) . However, no small iigands of NCAM with significant 

15 stimulatory effect on NCAM functions has been described. 
Moreover, it is not evident to which NCAM domain such a 
ligand should be targeted. Most evidence points at the 
MCAM Xg3 domain as the crucial domain for hemophilic 
binding while the cytoplasmic part of NCAM together with 

20 the Fnlll domains are presumed to he most important for 
interactions with signalling molecules. 

In the Ph.D. thesis "NCAM and Neural Plasticity" (Jtenn 
1397), the role of NCAM in neural plasticity was studied. 

25 Different assays (test systems) , including aggregation of 
neural cells,, neurite extension and long-term 
potentiation (LTF) were used to study how the role or 
effect of NCAM was influenced by NCAM antibodies, NCAM 
fusion proteins and other NCAM Iigands. Presumed NCAM 

30 Iigands selected - from a random peptide library were 
The peptides were found to be able to bind Igl. 
One specific peptide, which is not characterised further 

continued attempts to clarify the role of NCAM in the 
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developing nervous system as well as in synaptic 
plasticity. A possible medical use of the investigated 
Ci'cziS&y. 1.2. r.= „;r.ir an object of the thesis r.cr suggested 
therein. Furthermore, the thesis does not disclose the 
5 sequences of the investigated peptides. 

US 5 S25 040 relates to chondroitin sulphate proteoglycs 
(Phosphacan) and its use in enhancing regeneration of 
nerves by binding to NCSM. - - - is 

10 1616 amino acid residues long. Recombinant Phosphacan was 
obtained by cloning the encoding gene in a . suitable 
vector. The gene was isolated using primers chosen in' 
accordance with the identified amino acid sequences of 
some proteolytic fragments of Phosphacan. None of the 

15 fragments was suggested to possess a biological effect 
per se: 

A stimulatory effect on the potential for neurits 
extension may be expected to have a beneficial effect in 
20 functions of the nervous system requiring plasticity of 
connections between nerve cells . Such functions include 
learning and memory and regeneration. It is therefore of 
considerable interest to identify substances with the 
capability to influence WCAM mediated signalling. 

25 

SUKK&RY OF THE IKVSKTION 

In accordance with the present invention, novel compounds 
are provided, which promote extension of neurit es in the 
30 central and peripheral nervous system. 

•• : -, _ - " cally . the invention concerns compounds which 

35 

(b) bind to the MCAM to the NC&M Ig2 domain 
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and are capable of stimulating neurite outgrowth from 
and/or proliferation of NCAM presenting cells. By the 
5 NCAM Igl domain and the NCAM Ig2 domain are understood 
the NCAM Igl polypeptide and the If CRM Igl polypeptide. 
These compounds include a) the group comprising the NCAM 
Ig2 polypeptide and fragments and mimics thereof and b) 
the group comprising . the NCAM Igl polypeptide and 
10 fragments and mimics thereof. 

Such compounds may be . composed . of natural occurring as 
well as synthetic amino acids, peptide nucleic acids 
(FNA) monomers and/or peptidomimetics . 

15 

The present invention discloses a hemophilic binding site 
in the NCAM molecule constituted by the combined 
{unified) Igl and Ig2 domain, which combination of 
domains hereinafter be notifiable as NCAM Igl-Ig2 or ~as 
20 NCAM Igl-Ig2 domains. 

The invention includes thus compounds that bind to either 
the NCAM Igl domain (which corresponds to the above (a) ) 
or the NCAM Xg2 domain ' (which corresponds to the - above 
25 (b) } . These two domains form together the herein 
disclosed hemophilic binding site. 



According to the present invention said compounds within 
Ca) and ffo; may respectively belong to three below 
30 disclosed groups of compounds (the compound groups I, II 
and III) which are capable of activating neurite 



As to the compound group I, the compound may in 
particular be a peptide which binds to the 1st domain of 
iCAM NCAM Igl) through a binding motif which comprises 
SUBSTITUTE SHEET (RULE 25) 
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at least 2 basic amino acid residues, preferably at least 
2 basic amino acid residues within a sequence of 10 amino 
acid residues and more preferably at least 2 basic amino 
acid residues within a sequence of 3 amino acid residues. 

5 

Interesting peptides comprise the sequence: 

(Xaa*) B - (Xaa} p - (Xaa + ) - (Xaa 1 } r - <Xaa + ) - <Xaa) q - (Xaa*) af 

10 wherein Xaa* is a basic amino acid residue, 
Xaa 1 is any amino acid residue, 
Xaa is any amino acid residue, and 
ra,n,p, q and r independently are 0 or 1, 

15 and wherein the basic amino acid residues preferably are 
lysine or arginine and r preferably is 1. 

The nature of the amino acid residues Xaa and Xaa 1 " does 
not seem to be important . It appears that they may be any 
20 amino acid residue . However, Xaa* is preferably proline 
CP) or glutamic acid CD . 

Xn even' more preferred peptides r is 1 and at least one 

of m and nisi. 

Preferred, peptides of r.he invention comprise the sequence 
CK/R] „_ a -K/R-X-K/R) •, wherein X has' the same meaning as 
Xaa 1 , suitably the sequence X/R-K/R-X-X/R or K/R-X-K/R, 
more sui'raiLy the sequence K/R-P-K/R, K/R-K/R-P-X/R, 
E v ? -3-X/R or K/R-K/R-E-K/R most suitably the sequence 
K-p-K, K-K-P-K. K-K-l-K or K-K-B-R. Examples are the 
sequences A-S-K-X-P-X-R-H-I-R-A {SEQ .ID KOsl) , A-K-K-E-R- 
Q-R-K-D-T-Q (SEQ ID HO: 2) , and A-R- A-L-N-W-G- A- R-P-K {SEQ 
ID NO: 3) . 



30 
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As to the compound group II, the compound may be a 
peptide that binds to that part of the hemophilic blading 
site of KCAM Igl-Ig2 which is constituted by the Igl 
domain . 

5 

The binding motif comprises at least 2 basic amino acid 
residues and at least 1 apolar amino acid, preferably at 
. least 2 basic amino acid residues and 1 apolar amino acid 
residue within a sequence of 12 amino acid residues. More 

10 preferably, the binding motif comprises at least 2 basic 
amino acid residues and at least 1 apolar amino acid 
within a sequence of a amino acid residues. Most 
preferably, the binding motif comprises at least 2 basic 
amino acid residues separated by 3 amino acids in 

15 addition to 1 apolar amino acid with 1 adjacent acid 
amino acid separated by 1 of the basic amino acid 
residues by 1 amino acids. Such peptides comply with the 
general sequence. 



20 . (Xaa + ) - (Xaa) - (Xaa) - <Xaa) a - <Xaa*> - (Xaa) - (Xaa" ) a - (Xaa h ) - ' 
(Xaa) 0 - (Xaa b ) pf . . 

wherein Xaa* is a basic amino acid' residue, 

Xaa" is a an acidic amino acid residue, 
25 Xaa h is a apolar amino acid residue, 

Xaa is any amino acid residue, and 
i, n, c - : 

and wherein the basic amino acid residues preferably are 
30 lysine or arginine , the acidic amino acids preferably are 
rl . t t:. : „~ aspartic acid, the apolar * ~; ~c 

are preferably leucine, isoleucine, valine or 
-s 1 alanine, and r preferably is 1. 

35 Preferred peptides of the invention, comprise the sequence 
(Km -X-X-X- <K/R) -X- m/D) - (L/I/V/?> -X- (L/I/V/P) , wherein 
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X is any amino acid residue, suitably -the sequence (K/R) - 
X- (E/D) - (L/I/V/F) -X- (L/I/V/F) , (K/R) -X-X-X- (K/R) -X- (E/D) , 

CK/R}-S-X-{K/R}-X-{S/D} cr (K/R) -X- (L/I/V/F) -X- (L/I/V/F) , 
more suitably the sequences (K/R) -X-X-X- (K/R) -X- (E/D) - 
5 {L/I/V/F) , (K/R) -X-X- (K/R) -X- (E/D) - (L/I/V/F) or (K/R) -X- 
X-X- (K/R) -X- (L/I/V/F) , even more suitably the sequences 

(K/R) -X-X- (K/R) -X- (E/D) - (L/I/V/F) -X- (L/l/V/F) , (K/R) -X-X- 
X- (K/R) -X- (L/I/V/F) -X- (L/I/V/F) cr (K/R) -X-X-X- (K/R) -X- 

(E/D) - (L/I/V/F) - (L/I/V/F) and most suitably the sequence 
10 GRILARGEINFK (SEQ ID KG: 23) . 

As to the compound group III, • the compound may be a 
peptide, that binds to that part of the hemophilic 
binding site, of KC&J-? Igl-Ig2 which is constituted by the 
15 Ig2 domain. 

The binding motif comprises at least 2 acidic amino acid 
residues and at least 1 apolar amino acid, preferably at 
least 2 acidic amino acid residues and 2 apolar amino 

20 acid residue within a sequence of 10 amino acid residues. 
More preferably, the binding motif comprises at least 2 
acidic amino acid residues and at least l apolar amino 
acid within a sequence of S amino acid residues. Most 
preferably, the - " " s at s'c 2 acidic 

25 amino acid residues separated by 4 amino acids, one of 
the acidic amino acids being separated by l amino acid 
from a basic amino acid and 2 adjacent apolar amino 
acids. Such peptides comply with the general sequence. 

30 (Xaa*) - (Xaa) - (Xaa) - (Xaa) a - (Xaa) B - (Xaa~) - (Xaa) - (Xaa + ) - 
(Xaa b )-(Xaa h ) 5) , 



ic amino acid residue, 



Xaa is any amino acid residue, and 
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m,n,o and p independently ere. 0 or 1, 

and wherein the .basic amino acid residues preferably are 
lysine or argiaine, the acidic amine acids preferably are 
5 glutamic acid or aspartic acid, the apolar a~ino acids 
are preferably leucine.. iscisreire.- . . •. cr 

phenylalanine, and r preferably is 1. ' 

Preferred peptides of the invention ee-prise the sequence 
10. (E/D) -X-X-X- (E/D) -X- {K/R) - (L/I/V/F) -X- (L/I/V/F) , wherein 
X is any amino acid residue, suitably the sequence (E/D) - 
X- (K/R) - (L/I/V/F) -X- (L/I/V/P) , (E/D) -X- {K/R} - (L/I/V/F) - 
(L/I/V/F) , . (E/D) -X-X-X-X- (E/D) -X- (K/R) - (L/I/V/F) , (E/D) - 
X-X-X- (E/D) -X- (K/R) - (L/I/V/F) or (E/D) -X-X- (E/D) -X- (K/R) - 
15 (L/I/V/F) , more suitably E/D) -X-X- (E/D) -X- (K/R) - 
(L/I/V/F) -X- (L/I/V/F/) or (E/D) -X-X- (E/D) -X- (K/R) - 

(L/I/V/F) - (L/I/V/F) , even more suitably the sequences 
(E/D) -X-X-X-X- (E/D) -X*- (K/R) - (L/I/V/F) - (L/I/V/F) , (E/D-X- 
X-X- (E/D) -X- (K/R) - (L/I/V/F) -X- (L/I/V/F} cr (E/D) -X-X-X- 
20 (E/D) -X- (K/R) - (L/I/V/F) - (L/I/V/F) , and most suitably the 
sequence GEJSVGSSKFFL (SEQ ID NO; 26) . 

The abbreviatiens cf ale amine acids follow the normal 
three and one letter codes: alanine (Ala, A) , arginine 

25 (Arg,,R) , asparagine (Asn f I) , aspartic acid (Asp,D) r 
cysteine (Cys f C) , glutamic acid (Glu„E) , glutatnins 
(Gln,Q) , glycine (Gly,G) , histidine (His p H) , Isoleucine 
{He, I) , leucine (Leu,L) , lysine CLys f K) , methionine 
-. ;, - en; lalanine (Phe,F) , proline (?ro f P), serine 

30 (Ser,S) , threonine (Thr.T), tryptophan (rrp/"" . tyrosine 
(Tyr.Y) and valine (Val,V) . 

la the present context, the term "amino acid" is intended 
to comprise naturally occurring amino acids as well as 
35 non-natural occurring aRiino acids. Non-natural occurring 
amino acids are i.a. modified naturally occurring amino 
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acids . 

::. i 5 y ;a modified, for example by acetylation. 

5 The invention also concerns compounds which are anti-RCAK 
Igl antibodies, which mimic the binding of the NCAM Ig2 
domain to the Igl domain. Such non-peptide molecules are 
e.g. PKAs or peptidomimetics . Examples • of peptidomimetics 
are given in Marshall, G.R. , Tetrahedron 43 , 3 54 7-35 53 
10 (1993) , and include oligo (H-eubstituted glycines), 
• 1 :'~ . ■ : .• ;„::c;ii;r;-^ -r rex - - 

The invention further concerns compounds which are non- 
peptide molecules, which mimic the binding of the NCAM 
15 Ig2 domain to the Igl domain. 



The invention even further concerns the NCAM Ig2 
polypeptide, fragments or mimics thereof for use in the 
treatment of normal , degenerated or damaged NCAM 
20 presenting cells, said treatment consisting of 
stimulating neurit e outgrowth from and/or proliferation 
of NCAM presenting cells. 

The treatment may be a treatment of diseases and 
25 conditions of the central and peripheral nervous system, 
the muscles or various organs. The treatment may also be 
a stimulation of learning and memory. 

30 to cover any condition in need of treatment, whatever, the 

disease or in- connection with a stiia*alar-„- - = -- ; 
improvement of normal conditions. 

35 The invention also concerns the use 
polypeptide or fragments or mimics 
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manufacture of a medicament for the treatment of normal, 
degenerated or damaged KC&M presenting cells . 

The ' invention further concerns pharmaceutical 
5 compositions comprising one or more of the compounds 
according to the invention. 

Further, the invention concerns a method of treating 
normal, degenerated- or iamagee ' rrasentir.c .] 

10 which method comprises administration of an. effective 
amount of one or -more of the compounds according to the 
invention. ■ 

The treatment may be a treatment of diseases or 

15 conditions of the central -and peripheral nervous system, 
such as postoperative nerve damage , traumatic nerve 
damage, impaired myeTinaticn of nerve - fibers, 
pos t i s chaemi c , e.g. resulting from a stroke, Parkinsons 
disease, Alzheimers disease, dementias such 'as 

20 multiinf arct dementia, sclerosis, nerve degeneration 
associated with diabetes taellitus, disorders affecting 
the circadian clock or neuro -muscular transmission, and 
schizophrenia ; of diseases or conditions of the muscles 
- - _ _ x of neuro - 

25 - muscular- connections . such as genetic or traumatic 
atrophic muscle disorders; of diseases or conditions of 
various organs, such as degenerative conditions of the 
gonads, of the pancreas such as diabetes stellitus type I 
and II. of the kidney such as nephrosis or of the heart, 

30 liver cr bowel." The treatment may also be a stimulation 
of the ability to leara and/or of the memory. 

The invention also concerns a prosthetic nerve guide 
which guide comprises one or more of the compounds 
35 according to the invention. 
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=?:-:- ? t fi~>-* -:i the figures 

Pig. I skews the different forms of the neural cell 
adhesion molecule, NCAM. A} The main forms of MCAM all 
5 have similar extracellular parte consisting of five 
s :c_ -ru" - ' - - - . '-r; sr.d two Fibronectin 

type XXI -domains i?sl II -domains J . Three trans -membrane or 
membrane attached forms {NCAM-120, -14 0 and -ISO) are 
generated by alternative splicing. In addition, various 

10 soluble NCAM forms (NCAMa} exist. 3) Individual NCAM- 
domains are numbered from the N-terminal £NK2> , the most 
N- terminal domain being termed NCAM Igl. An important 
alternatively spliced exon is the VASE exon that can be 
inserted in the region encoding the Ig4 domain cf NCAM. 

15 The Ig5 domain can be glycosylated with polysialic acid 
(PSA) . 

Pig. 2 shows an identification of bead-coupled peptides 
binding NCAM domains. A) Libraries of bead- coupled 

20 decapeptides are incubated with the recombinant NCAM Igl • 
domain. Beads that bind NCAM Igl are visualised by a 
staining reaction. Stained beads are isolated and 
------ 3) After .evaluation of 

binding sequences, peptides corresponding to these 

25 sequences are synthesised as monomers, dendrimers (4- 
mers) or BSA- coupled 20 -mere (Example 5} . C) Structure of 
peptics dendrimers. Four peptide-mcnomers ^peptide are 
;c-..*t"ed to a backbone consisting of three lysines. 

30 Fig. 3 shows single hippocampal cells (Example 7 (2) ) 
maintained in the absence (A) or presence IB} of C3d 

{5.4*10" 7 M) . 

Fig. 4 shows the peptide- sequences identified from 
35 combinatorial peptide libraries. A) 22 sequences 

identified from screening a combinatorial library with 
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NCAK Igl. B) Peptides from A) comprising parts of the 
motif K/R-K/R-P-K/R-N/S emphasised in bold. The C3 
peptide is underlined. C) • Peptides comprising parts of 
the motif K/R-X/R-E-K/R-X-K/R-K/R emphasised in bold. The 
5 D3 peptide ie underlined . D) Peptides containing the 
motif S-X-K/R-P-K/R emphasised in bold. The D4 peptide is 
underlined. 

Fig. 5 shows the number of aggregates of primary 
10 hippoeatnpal neurones formed after 24 h in culture in the 
presence of C3 dendrimer in concentrations of l„07 yM and 
2.15 /iM (Example 7). The observed increase in the number 
of aggregates formed reflects an inhibition of the 
aggregation-process . 

15 

Pig. 6 shows the number of neuronal processes from 
primary hippoeatnpal neurones formed after 24 h in culture 
in the presence of C3 dendrimer in concentrations of 1.07 
and 2.15 p.Vi (Example 7} . 

20 

Fig. 7 gives a summary of the KfC&M Igl binding peptides 
and their effect on neurite- outgrowth and aggregation in 
cell cultures of primary hippocampal neurones. Effect on 
neurit e- outgrowth is measured in cultures of dissociated 

25 neurones as described in example 7 (2). For "neur" , 0 
indicates no effect, + indicates stimulatory effect, 
indicates strong s " - " - 1 - . . _-~ -::";c; - leurite - -grc 
For »agg K , 0 indicates no effect, - indicates inhibitory 
effect , -- indicates strong inhibitory effect on 

30 aggregation, the inhibitory effect being reflected as an 
increased number of aggregates formed.- The peptide names 
numbers correspond to peptides of the sequence s 
indicated in the figure. The peptides are ail tested as 
ie~ ir:. Tiers . 

35 

Fig. 8 shows the effect of C3 dendrimer on neurite 
SUBSTIHTTE SHEET (RULE 26) 



WO 00/18801 



outgrowth in cocultures of neurones and fibroblasts 
(Example 7} . Primary hippocampal neurones were grown on 
monolayers of fibroblasts with (LBN) or without {IA7N} 
NCAM-140 expression. Neurite - outgrowth was. increased on 
LBN fibroblast -monolayers compared to LVN fibroblast 
monolayers. This increase was inhibited by C3d in 0.54 or 
5.4 (M. On LVN monolayers, C3d stimulated neurits out- 
growth . 

Fig. 9 shows the effect of D3 and D4 dendrimers on 
neurite outgrowth from primary hippocampal neurones in 
the indicated doses in juM. 

Fig. 10 shows the effect of C3 peptide dendrimer on 
neurite outgrowth from primary hippocampal neurones in 
the indicated • doses in pM. Neurits outgrowth is measured 
as. the mean length of the longest neurite ("axon 
length") . Primary hippocampal neurones from El 8 rats were 
maintained for 21 h on fibronectin. 

Fig. 11. shows neurits outgrowth measured from neurones 
maintained on plastic. Effect of C3d and control peptides 
(see Fig 7} on neurite outgrowth in- a concentration of 

0.54 ,iM. 

Fig. 12 shows the effect of various inhibitors of signal 
transduction on neurite outgrowth from primary 
hippocampal neurones maintained on fibronectin stimulated 
by C3d (0.54 pM, see Example 7 2). Ver: verapamil (10 
fM) , Cono: omega- conotoxin GVTA {0,27 fM) , ploopl : MCSM 
Igl prepared in Fichia pastorie as described in iK-.ti 



Fig. 13 shows the effect of various inhibitors of signs..! 
transduction on neurite outgrowth from primary 
hippocampal neurones maintained on fibronectin stimulated 
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. by C3d (0.54 [M, see Example 7}. Erb: erbstatin analogue 
CO. 2 ijM) t Pertus: Pertussis toxin (1 pg/ml} , CRD : peptide 
corresponding to CM! homology domain in FGP-R (175 or 350 
pM) . 

5 

Pig. 14 shows the effect of NC&M Ig2, prepared in Pichia 
pastoris as described in example 2, — « - <= sutgrewth 
fr\s primary hippocampal • / a . maintained cn 

fibronectin. KCSM Ig2 was added in the indicated 
10 concentrations in jig/ml (l fig Ml corresponds to 0.1 pM) . 
Neurite outgrowth is measured as the mean length of the 
longest neurite ("axon length 15 }. 

Fig. 15 shows the effect of C3d and NCAM Ig2 added in 
15 combination on neurite outgrowth from primary hippocampal 
neurones maintained on fibronectin. 

Fig. IS shows the effect of C3d in the indicated 
concentrations in y&i on proliferation of primary 
20 hippocampal neurones measured ss incorporation of BrdU as 
described in example 8. 

Fig. 17 shows the predicted amino acid sequence of human 
HCRK, 140 KD isoform . precursor (SWISS- PROTt locus KCA1- 
25 HUMAN, accession no. P13591) . 

Fig. 18. The diraer of the first two domains of KTCAM, 
(Igl-Ig2) . A) Ribbon presentation of the dimer. light 
grey marks the binding .site residues in Igl and Ig2 . B} 

30 Space filling -model of the two first domains of NCAM the 
dimer of the first two- domains of HCSM, (Igl-Ig2) . The- 
' ~. : c£ of the binding sites in the two domains are 
light grey. Key residues in the binding between Igl and 
Ig2 are marked with numbers corresponding to their 

35 position in the NCftM sequence. C) Ribbon presentation of 
the dimer showing the key electrostatic and hydrophobic 



SUBSTUVfE SHEET (RULE 26) 



WO 90/18801 



21 



FCF/DK9S/WB0O 



interactions used in the modeling of the dimer structure. 

Fig, 19. Effect of Ig domain 2, the monomer ic Ig2 -peptide 
and its derivatives on aggregations in primary cultures 
5 of dissociated hippocampal cells of rat embryos (E1B) . 
Cultures were grown for 24 h. The n.™isr of aggregates in 
cultures treated with compounds is expressed as a 
percentage of the number of aggregates in 
cultures (100 ± 10}, Four Individ al - „cs sers 

10 performed. Results are given as mean ± SEM. fa) .' 
Comparison of the effects of Ig domain 2 (Ig2) and lg2- 
peptide (Ig2-p) , a dose-response study, (b) „ Comparison 
of the effects of Ig2-peptide Clg2-p} and Xg2 peptides in 
which either Arg-2,. Arg-S and Ile-9 (P2-2S) or Arg-2, 

15 Arg-S, Glu-8 and Ile-9 CP2-4S) were substituted with Ser. 
The peptides were used at a concentration ISO pM. 

Fig. 20. Effect of Ig domain 2 (Ig2) and Ig2 -peptide 
(Ig2-p) on neurite outgrowth from hippocampal neurons 
20 grown for 24 h. The length of neurit es in treated 
cultures is expressed as a percentage of the length of 
neurites in centre! cultures. Four individual experiments 
' : - given as mean ± SEM. 

25 Fig. 21. Effect of Ig2 -peptide (Ig2-p) and its 
derivatives {P2-3S and P2-4S) on neurite outgrowth from 
hippocampal neurone grown for 24 h. The length of 
neurites in treated cultures is expressed as a percsr _c g - 
of the length of neurites in control cult rss four 

30 individual experiments were performed . Results i-s given 
as mes/. .:: 

Wig. 22, Phase contrast micrographs of a 24 h low- density 
culture of dissociated cells from hippocampus grown in 
35 the absence {a) or presence (fa) of 3.6 pM Ig2 -peptide 
(dendrimer) encompassing residues 131-202 of the Ig 
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Fig. 23. Effect of Ig domain 1 of NCAM {Igl, 25 £tM} , FGFX 
antibodies (a-FGFR, diluted 1j2000) , CRM homology domain 
5 peptide {CHD, 200 £iM) and U- 73122, an inhibitor of 
phospholip&seCy £5jiM) , on neurits outgrowth from 
hippocampal neurons. Cultures were grown in the absence 

or in the presence of 3.S yM. Ig2 -peptide : . - - la 

pd) . The length of neurites in treated cultures is 
10 expressed- ss a percentage of the length of neurites in 
control cultures. Four individual experiments were 
performed. Results are given as mean ± SEM. 

Fig. 24. Effect of Igl-peptide (Igl-p) on aggregation 
15 (left, 250 ug/ml) and neurite outgrowth (rigth, 5 ug/ml ) 
from hippocampal neurons grown for 24 h. The number of 
aggregates and the length of neurites is expressed 
normalised relative to control cultures. Three individual 
experiments were performed. Results are given as mean ± 
20 SEM. 

Fig. 25. Effect of mutations in a double Ig domain (Igl- 
2) of NCRM on neurite outgrowth from hippocampal neurons. 
The following mutations were made in NCRM (23-208) : 
25 R152A, m,36K, and E198A. The length of neurites in 
treated cultures is expressed as a percentage of the 
length ." - rites is - cultures. Five individual 

experiments were performed . Results are given as mean ± 
SEM. 

30 

- DESCRIPTION OF THE INVENTION 



In the nervous system, the ability to remodel connections 
- . ; -n nerve cells is of major importance in the 
35 regeneration and well as in learning. Therefore, it is of 
considerable interest to identify substances that promote 
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such .processes. Much effort has been concentrated on 
identifying substances that stimulate neuronal survival 
and aeuritic outgrowth in vitro as such substances will 
be expected to possess a potential to stimulate 
5 regeneration and learning. The neural cell adhesion 
molecule CHCAM) is believed to be important for the 

tv;. 1 c^'^-ert . ~ - - ;* ^- " ~ ~ ' - = ■ t z~. <~- u r ,~ 

it is therefore of interest to identify ligands capable 
of stimulating 2TCAK- functions . It has previously rear: 
10 shown that antibodies against the Ic3 domain, of MCM! can 
stimulate neurite outgrowth. 

1 ~ ^r=oe - „ j. - _ "red on the ~i ^ c ~^ J iodine 

that the NCAM Ig2 domain strongly stimulates the 
15 outgrowth of neurites from NCAM presenting cells. Thus, 
it . has been found that NCAM Ig2 is a iigand of the NCAM 
' Igl domain. It has further been found that the NCAM Ig2 
domain stimulates neurite outgrowth by activation of 
specific signal transduction pathways. 

.20 

Likewise, the present invention discloses the NCAM Igl 
domain as a ligand of the NCAM Ic;2 domain and being 
capable of strong stimulation of the outgrowth of 
neurites from NCAM presenting cells by activation of 
25 specific signal transduction pathways. 

The inventors have also,, by means of :. a I 

chemistry, identified small peptides which stimulate 
_ - ■ ~, = selected from a 

30 . peptide library have been identified, and a putative 

has been identified. The peptides have been" shown to 
stimulate the sam© specific signal transduction pathways 
as the NCAM Ig2 domain. 

35 
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The results show that ligands of NCfiM Igi, either the 
NCAM Ig2 domain or small functional mimics hereof, which 
are capable of activating specific signalling pathways, 
can promote neurits outgrowth and thereby be of benefit 
5 in regeneration and learning. Other functional mimics of 
the NCfcM Ig2 domain, such as antibodies and r.:-n-~sptiiL 
molecules may be beneficial in the same way. Therefore, 
the present invention provides compounds and compositions 
which are or comprise small peptides, polypeptides, 

10 antibodies and non-peptide molecules recognising ' the NCSM 
Igi domain. -When applied to tissue containing NCRM- 
expressing cells these compounds and compositions will 
promote NCAM function. The compounds and the compositions 
can be applied to promote functions of the nervous 

15 system, the muscles and any other BSCAM- expressing 
tissues, including various organs. 

In its broadest aspect, the present invention relates to 
compounds which bind to the NCAM Igi domain and/or the 
20 NCAM Ig2 domain and which are capable of stimulating 
neurit e outgrowth from and/or proliferation of NC&M 
presenting ceils. Such compounds may be a peptide or PMA 
sequence constituting the NCAM Ig2 domain, a fragment 
thereof or a mimic thereof. 

25 

Also, such compounds may be a peptide or FNA sequence 
constituting the NC&M Igi domain, a fragment thereof ' or a 
mimic thereof „• 



In the present context , a mimic of the Ig2 domain and the 
-V : -Z. domain should be -oaderstood to be any compound 

be peptides, peptide derivatives, antibodies and non- 
peptide compounds such as small organic compounds, sugars 
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and fats, as well as peptidomimetics . 



In accordance with the present invention, novel compounds 
are provided, which promote extension of neurites in the 

5 central and peripheral nervous- system. : . :gly, it 

has been found -that the compounds of the invention are 
able to promote formation and plasticity of neural 
connections . 



10 It appears from the above, that the costpaunds of the 
present invention belong to three disclosed groups of 
eotepound Cthe compound groups 1, II and III) which are 
capable of ' binding to the NCftM Igl-Ig2 domains and 
thereby activate neurite outgrowth. 

15 

Further to cosrEpound group II, 22 peptides which were able 
to bind to recombinant, labelled neural ' cell adhesion 
compound Igl (NORM Igl) in vitro have been identified 
from a peptide library. 

20 

The 22 sequences are ASKKPKRlflKA (SEQ ID NO:l) , 
AKKEE.QRKDTQ (SEQ ID NOs2) ,MUffiNWG&KPK (SEQ ID N0:3) , 
■ AGSAVKLKKKA <SEQ ID NO:4) , MOTVLIPIRXS CSEQ ID NO:5) , 
&STKRSMQGI {SEQ ID NOsS) , JiEE&IOS {Q/T/K) -Mi {SEQ ID 



HO 


7), 


Z-JTTL, I VRVKH I 


CSEQ 


ID NO:8) , 


ATMKETi 5RPR 


(SEQ 


ID 


MO 


9), 


AKSKGPIiINRI 


(SEQ 


ID NO % 10) z 


MCRSVQKLDGQ 


CSEQ 


ID 


NO 


11) 




CSEQ 


ID HO: 12} 




' g2C- 




NO 


13) 




(SEQ 


ID NO: 14) , 


ASQMCSI- . " 


{SEQ 




HO 




AFKLDEMLTKK 


{SEQ 


ID HO j IS) , 


AKKBXPNKPRD 










AQMSRQSIDRN 


(SEQ 


ID KG: 18) , 


AESGKKKKKRA 


(SEQ 


ID 






AKKKBQRQRN& 


(SEQ 


ID HO: 20) , 


AKSRXGNSSLM 


(SEQ 


ID 




21) 




(SEQ 


ID NO; 22) . 









Three peptides, C3 (SEQ ID NO si) , D3 (SEQ ID NO:2) and D4 
35 CSEQ ID NO: 3) (Fig. 4) were further investigated for 
their ability to bind the NCAM Igl domain using plasraon 
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surface resonance analysis and selected according to 
their ability to inhibit aggregation of neurones and 
stimulate neurite outgrowth. By sequence analysis of 
these peptides and scrambled peptides. a motif for 
5 binding to NCAM Igl could surprisingly be identified. The 
motif includes positively charged amino acids in a 
relatively loose sequence -order, K/R (aa) 0 _ 3 K/R, 
preferably K/R (aa) 0 .j, K/R, wherein K and R designate 
lysine and arginine respectively and the positively 
10 charged amino acids are separated by up to 8 amino acid 
(aa) residues. Preferably, however, the positively 
charged amino acids are adjacent or separated by only one 
amino acid residue. 

15 Analysis of the active peptides isolated from the peptide 
library suggests that the motif may " comprise mors than 
two positively charged amino acids, for example three or 
four basic amino acids. 

20 Preferred peptides comprise the sequences 

fXaa*) E - (Xaa) p - (Xaa*) - (Xaa 1 ) t - (Xaa*) - (Xaa),(Xaa*>„ , 

wherein Xaa* is a basic amino acid residue, 
25 ' Xaa 1 is any amino acid residue, 

Xaa is any amino acid residue, and 
m,n,p,q and r independently are 0 or 1. 

and wherein the basic amino acid residues preferably are 

The nature of the amino acid residues Xaa and Xaa 1 does 
not seem to be important. It appears that they may be any 
amino acid residue . However, Xaa 4, is preferably proline 
35 (P) or glutamic acid (E) . 
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In eves more preferred peptides r is 1 and at least one 
of m and n is 1 . 

Preferred peptides of the invention comprise the sequence 
5 (K/R) Q.1-K/R-X-K/R) , wherein X has the meaning of Xaa 1 , 
suitably cie sequence K/R-K/R-X-K/R or K/R-X-K/R, sere 
suitably the sequence K/R-P-K/R, K/R-K/R-P-K/R, K/R-K/R- 
B-K/R or K/R-K/R-E-K/R and most suitably K-P-K, K-K-P-K, 
K-K-E-K or K-K-E-R. Examples are the sequences A-S-K-&-P- 
10 K-R-K-I-K-A CS1Q ID NO:l) , A-K-K-E-R-Q-R-K-D-T-Q CSEQ 2D 
HQs 2|, and A-R-A-L-M-W-G-A- K-P-K (SEQ ID NO: 3) . 

According to the invention, peptides c&r^.„.i <~ the above 
sequence may be a part (hereinafter called a fragment) of 

15 the NCAM Ig2 domain or a mimic of the NCAM Ig2 domain . 
Furthermore , the peptides may bind to the Ig2 binding 
site' of the Igl domain or to a different binding site on 
the Igl domain. If the binding site is not the 6 *" " normal ® 
Ig2 binding site, the binding will mimic the normal 

20 ' binding and result in seurite outgrowth and/or 
- proliferation of NCAM presenting cells in the sasse way. 

It is clear that the peptides of the invention are not 
- : - ..fled and selected from 

25 the synthetic peptide library. These peptides only served 
as tools for identifying a motif in peptide llg&nds 
expected to bind to the 2NCAM Igl domain. 

The inventors have further dislosed a E-mail synthetic 



the I-set of Xg- domains (ref ) as does the NCSM Igl doiaain 
35 that may be capable of binding to the NCAM Ig2 domain. By 
analysing the chemical shifts of the individual amino 
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acid residues a distinct interaction site between the Igl 
and the Ig2 domain was surprisinly found. It was 
strikingly found that the total interaction site 
consisted- c-f residues from both the Igl and the Ig2 
domain of NCfcM. Thus, parts of these two domains together 
formed one distinct interaction site. In the Xg2 domain, 
the amino acids Arg-lS2 f Arg-19S t Glu-198, Ile-199 and 
Phe-201 were particularly important for the binding 
according to the 'chemical shti rtdis ~ the tad cs 
model. Similarly, in the Igl domain, the amino acids Glu- 
30, Glu-35 and Lys-37, Phe-38 and Phe-39 appeared to be 
particularly important for the binding {see figure 18) . 

Further investigations with mutations of the amino acids 
Arg-lS2, Arg-19S r Glu-198, Glu-30, Glu-35 and Lys-37 
showed that these mutations inhibited the binding 
function, of the NCAM Ig2 domain."' From investigation 'of 
the Ig2 and the Igl structure solved by 2JMR. two peptides 
were then constructed by the inventors and two particular 
regions in the three dimensional structure of the entire 
domain were revealed as being of particular and 
s rrci is : o 2 : -g c r ianse. 

Thereafter .. a presuraingly corresponding sequence of 12 
amino acids from the two-dimensional amino acid sequence 
of the entire Ig2 domain of NC&M (residues 191-202) (see 
figure 17} and a sequence of 12 amino acids from the Igl 
domain residues 29-40) were identified,. oora peptides 
ccrr* spending- to th&se short ascuenc&s were than 

potential to promote regeneration and other " forms of 
struct ral plasticity of cells and tissues expressing 
NCAM. 

The identified Ig2-peptide» called IG2-P, was 
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-_i " • : sequence GRILSRSEIKFK CSSQ ID 

SO: 23} sad' thus shares no similarity- to other 
neuritogenic peptides, either derived from the entire 
l^CSM - sequer.ce -~ -~ ~-~ to bind the h'CJ^-rnc Iscrle . I~ 
5 add; tion, for control purposes, the invention provides 2 
peptic s sequences (SEQ . ID HO: 24 and SEQ ID NO: 25} , 
derived from the Ig2-p sequence, which peptides do not 
promote neurite outgrowth. The use of these p-I/ " * 
for control purposes are explained in mors detail in 
10 example 5, The Igl -peptide, called IG1-P, appeared to 
have the sequence GEISVGBSKFFL (SEQ ID HO: 26} sharing no 
homology to known neuritogenic factors . ' The four 
sequences found were 



15 GRIIARGEINFK (SEQ ID NO: 23 5 
GSIIASGSSN7K (SEQ ID NO: 24) 
GRIL&RGSSHFK {SEQ ID NO: 25) 
GEISVGBSKFFL CSEQ ID NCflfeff) 

20 The present invention provides thus compounds or 
compositions comprising the IG1 - P-pept ide and/or the IG2- 
P-peptide or derivatives ■ hereof, such as peptide- 
analogues, peptide-f ragcaents, polypeptides cc-taprising the 
XQ1 sequence or the IG2 -P- sequence or analogues hereof 
25 and ncn-peptide molecules derived from the herein 

presented p e ' . < " - _ are 

- rt_~ nr neurite outgrowth from neurons, 

-. . '.- i '- ~ - " - ; - 

30 . Zhez* - " v.ed coispounds and compositions car he zs .-i -.: 
:rsa : • rarer at ive conditions affecting the peripheral or 
: „,„ t:sr" ? ous systetn, tsuscle and cthei. - 
expressing ISM as well as other conditions in which a 
stimulation of If CAM function is beneficial . 

35 

The -present invention also includes an additional and 
SUBSTITUTE SHEET (RULE 261 
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surprising finding to the above disclosure, that the 
specific signal transduction pathways of neurite 
outgrowth appears to be stimulated by the KCAM Ig2 domain 
and fragments and mimics thereof furthermore the NCHM Igl 
5 domain and fragments and mimics thereof, and the small 
peptides comprising two or acre basic amino acid 
residues. It was thus fcnsxid that the specific signal 
transduction pathways were also stimulated by the Ig2- 
peptide, Ig2-p described above. Thus, the inventors have 

10 identified a hemophilic- binding site in KCAM to which the 
KCSM domains Igl and Ig2 contribute. Further it is 
demonstrated that four iigands binding to the binding 
site constituted by the NC&M Igl-Ig2 domains, namely the 
NCAM Ig2 domain, the Ig2-p peptide derived from the NCAM 

15 Ig2 sequence,, the Ig-l-p peptide derived from the NCAM 
Igl sequence and the - C3 peptide and related peptides 
identified from a combinatorial peptide library, all 
promote neurite outgrowth, all four NCAM Xgl-Ig2 Iigands 
belong to the same new class of compounds capable of 

20 binding the NC&K Igl-Ig2 domains thereby activating 
signal transduction leading to neurite outgrowth . 

In general, the present invention discloses novel 
compounds which 'are able to stimulate and promote the 
25 outgrowth of neurites from and/or NCAM presenting cells 
within the central and peripheral nervous system. 

=,:—.• ■- , ". - r - 1 - - : _ .: " s : -.; r :';...-c fco the 
iaventicn appear to promote formation arc z r 

invention belong to three disclosed groups of corp-r :r.- 
(the compound groups I, II and III) and after the 
rci -p™ sr. I pr-iup :: nas been ' detailed the compound group II 
will be inscribed in the following. 

35 

The compound group II contains compounds, which may be 
SUBSTITUTE SHEET (RULE 26} 
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peptides which bind to that part of the horac-philic 
binding site of NCftM Igl-Ig2 which is constituted by the 
Ig'l domain. Such peptides appear to have the sral 
sequence .. including any functional derivative thereof, as 
5 follows 

(Xaa*) - (Xaa) - (Xaa) - (Xaa) B - {Xaa*) - (Xaa) - (Xaa") a - (Xaa h ) - 
(Xaa) 0 - (Xaa%, 

10 wherein Xaa* is a basic amino acid residue., 

Xaa" is a an acidic amino acid residua, 
Xaa" is a apoiar amino acid residue, 
Xaa is any amino acid residue, and 
ts,a,o and p independently are 0 or 1, 

15 

and wherein the basic amino acid residues preferably are 
lysine or arginine , the acidic amino acids preferably are 
glutamic acid or aspartic acid, the apoiar amino acids 

* are preferably leucine, isoleuciae, valine or 

20 phenylalanine , and r preferably is 1. 

A peptide according to group II comprises the sequence 
. (K/R) -X-X-X- (K/R) -X- {S/D5 - (L/I/V/P) -X- (L/I/V/F) , wherein 
. X is any amino acid residue, suitably the sequence (X/R) - 
25 X- (E/D) - (L/I/V/F) -X- (L/I/V/F) , (K/R) -X-X-X- (K/R) -X- (E/D) , 
(K/R) -X-X- (K/R) -X- (E/D) or {K/R} -X- (L/l/V/F) -X- (L/l/V/F) , 
more suitably the . sequences (K/R) --X-X-X- (K/R) -X- (E/D) - 
(L/I/V/F) , (K/R) -X-X- (K/R) -X- (B/D) - (L/I/V/F) or (K/R) -X.- 
X-X- (K/R) -X- (L/I/V/F) , even more suitably the sequences 
30 (K/R) -X-X- (K/R) -X- (E/D) - (L/I/V/F) -X- (L/I/V/F) , {K/R} -X-X- 
X- (K/R) -X- (L/I/V/F) -X- (L/I/V/P) or (K/R) -X-X-X- (K/R) -X- 
(E/D) - (L/I/V/F) - (L/I/V/F) and most suitably the sequence 
GRILARGEINFK (SEQ ID NO: 23) . 

35 Regarding the compound group III, the compounds of this 
group may likewise be a peptide that binds to the part of 
SUBSTITUTE SHEET (HE 26) 
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the hemophilic bindingsite of NCSM Igl-Ig2 that is 
constituted by the Ig2 domain. Such peptides appear to 
have the general sequence, including any functional 
derivative "hereof, as follows 

(Xaa') - {Xaa} - (Xaa) - (Xaa} m - (Xaa) a - (Xaa") - (Xaa) - (Xaa*) - 
(Xaa h ) - CXaa fe j p , 

wherein Xaa* is a basic amino acid residue, 

Xaa" is a an acidic amino acid residue,. 
Xaa h is an apolar amino acid residue, 
Xaa if? any amino acid 2 iue, snd 
a,n,o and p independently are 0 or l, ' 

and wherein the basic amino acid residues preferably are 
lysine or arginine, the acidic amino acids preferably are 
glutamic acid or aspartic acid, ■ the apoiar amino acids 
are preferably leucine,, isoleucine, valine or 
phenylalanine, and r preferably is 1. 

A peptide within group III comprises the sequence (E/D) - 
X-X-X- (E/D) -X- (K/R) - (L/I/V/F) -X- (L/I/V/F) , wherein X is 
any amino acid residue, suitably the sequence (S/D) -X- 
(K/R) - (L/I/V/F) -X- (L/I/V/F) , (E/D) -X- (K/R) - (L/I/V/F) - 

(L/I/V/P) , (E/D) -X-X-X-X- CE/D} -X- (K/R) - (L/I/V/F) , (S/D) - 
X-X-X- (E/D) -X- (K/R) - (L/I/V/F) or (E/D) -X-X- (E/D) -X- (K/R) - 
(L/I/V/F) , more suitably E/D) -X-X- (E/D) -X- (K/R) - 
(L/I/V/F) -X- (L/I/V/F/) or (E/D) -X-X- (E/D) -X- (K/R) - 

(L/I/V/F) - (L/I/V/F) , even mere suitably the sequences 
(E/D) -X-X-X-X- (E/D) -X- (K/R) - (L/I/V/F) - (L/I/V/F) , (S/D-X- 
X-X- (E/D) -X- (K/R) - (L/I/V/F) -X- (L/I/V/F) or (E/D) -X-X-X- 
CE/D) -X- (K/R) - (L/I/V/F) - (L/I/V/F) , and most suitably the 
: > = :e GEJSVGESKFFL (SBQ ID HO* 26) . 

".- sc nds provided in the present invention also comprise 
peptides that bind to the NCAM Igldomain and stimulates 
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aeurite outgrowth . 

The peptides may be modified, for example by substitution 
of one or more of the amino acid residues, Both L- amino 
5 acids and D- amino acids may be used. Other modification 
r -' - -ch -as esters, sugars, sue. 

Examples are methyl and acetyl esters . Polymerisation 
such as repetitive sequences or attachment to various 
carriers well-known in the art, e.g. lysine backbones or 
10 protein moieties such as bovine serum albumin (BSA) is 
also an aspect of the invention. 

The invention also concerns non-peptide mimics of the 
NCftM Ig2 ' domain or the peptides defined above, in the 
15 present context, such mimics should be understood to be 
compounds which bind to or in other ways interact with 
the NCAM Igl domain and/or the NCAM Ig2 domain and 
thereby stimulate neurite outgrowth from and/or 
proliferation of NCAM presenting cells. 

20 

In a further aspect, the present invention relates to 
compounds which are ant i -NCAM Igl antibodies, or 
antibodies recognising the part of Ig2 contributing to 
the NCAM Igl-Ig2 binding site disclosed herein. 

25 

The antibodies may' be monoclonal or polyclonal. 
Recombinant antibodies such as chimeric and/or humanised 
. •: : ' - 1: - £ v .. . -u.se s rar~ •. :.. = e~cicn 

30 In a further aspect, the present invention relates to the 
ncm Ig2 polypeptide, a fragment or a mimic thereof for 
use in the treatment of a normal, degenerated 'or damaoed 
NCAM presenting cells. The treatment is a treatment of 
diseases and conditions of the central and peripheral 

35 nervous system, of the muscles or of various organs. Only 
NCAM presenting cells may respond to such a treatment. 
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The invention also relates to a pharmaceutical 
composition and a medicament comprising one or more of 
the compounds defined above. 

In yet a further aspect , the present invention relates tz 
methods of treating normal , degenerated or damaged KC&M 
presenting cells in vitro or in vivo, the method 
involving administering an effective amount of one or 
sore compounds as- defined above. 

The treatment ccsprisss treatment of diseases or 
conditions of the central and peripheral nervous system, 
such as postoperative nerve damage, traumatic nerve 
damage, impaired myelination of nerve fibers, 
postischaentic , e.g. resulting from a stroke, Parkinsons 
disease, Alsheimers disease, dementias such as 
multiinfarct dementia, sclerosis, nerve degeneration 
associated with diabetes mellitus, disorders affecting 
the' circadian clock or neuro-muscular transmission, and 
schizophrenia ; of diseases and conditions of the muscles 
including conditions with impaired function of neuro- 
muscular connections, such as genetic or traumatic 
atrophic muscle disorders; and treatment of diseases and 
conditions of the organs, such as degenerative conditions 
of the gonads, of the pancreas such as diabetes mellitus 
type I and II, ' of the kidneys such as nephrosis and of 
t he 

•c—.-: v. is according to the invention in combination with 
a prosthetic nerve guide . 

Yet another aspect of the invention is the use of the 
compounds according to the invention in the stimulation 
of the ability to learn and/or of the memory. 

SUBSTITUTE SHEET {RULE 26) 



To be able to identify candidate ligands capable of 
stimulating SC£M function, the inventors have established 
a simple culture system (aggregate cultures} that permits 
5 a quantitative evaluation of the effect of various 
- ■ ;ampal cells are provided front rat embryos . 
The cells are grown in a defined medium and dissociated 
cells are seeded in microtiter plates. After 24 h, the 
amount of aggregates are counted. Compounds to he tested 

10 are added to the cell suspension immediately before 
seeding of cells in the microwells . When NCAM Igl binding 
ligands are present during the aggregation of cells, 
smaller, but more numerous cell aggregates are seen when 
quantified 24 h after seeding of cells. The inhibiting 

15 effect of the ligands results in a blockage of the 
formation of large aggregates from many small aggregates 
as the .adhesion properties of HCAM are blocked. Thus 
small, but more numerous cell aggregates are seen in the 
presence of active ligands. 

20 

Such an effect was observed when different ligands of the 
NCAM Igl-Ig2 domain were present during the aggregation 
of cells. Thus, the entire recombinant Ig2 and a 
synthetic pepuids derived ' ires either the Ic2 sequence 
25 (Ig2-p) CSEQ ID NO 1-23} or the Igl sequence (Igl-p) (SEQ 
ID NO:26) and peptide ligands of NCAM- Igl identified from 
lihrariee of synthetic peptides S2Q II KO;I SEC ID NO: 2 
and £ji Id tZil, :z i. -. - , in the described 

cell culture system. 




adin _o possibly neurits outgrowth 
latter further, neurite extension f: 



study and seeded on a substrate of plastic or 
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fibrcnectin. The calls are then maintained for a suitable 
time, whereafter the neurite outgrowth is analysed by a 
measurement of the neurite extension, for example by & 
computer-assisted image analysis program. The mean length 
5 of the longest neurits of each cell was measured for 
aeurites longer than 10 pMfsee Figure 2} . In addition, 
the mean number of branchpoints per neurite and the mean 
number of aeurites per ceil .were determined. KCftM Igl-Ig2 
iigands to be tested are added i - p — fere rc-cdin- 

10- the cells.' CSEQ ID HO: 1, 2, 3 , 23 , 26 ) . 

Similarly, peptides derived from the binding site in KCSM 
Igl-Ig2 were added iTrcnediately before seeding the ceils. 

15 To investigate the mechanisms of the neuritogene effect, 
one of the ligands, C3 CSEQ ID N0:1) was added in 
combination with various compounds known to' inhibit NCAM 
dependent signalling. The following compounds were found 
to inhibit the stimulatory effect of C3 on neurite 

20 extension: verapamil { B Te a inhibitor of L-type voltage 
dependent calcium channels), omega -cono toxin GVIA ("co" 
inhibitor of N-type voltage dependent calcium channels) , 
pertussis toxin ("pert us" inhibitor of . certain Q- 
proteins) , an erbstatin analogue ("erb"; inhibitor of 

25 certain tyrosine kinases) , antibody to- an acidbox epitope 
in fibroblast growth factor receptors (FGF-Rs) (inhibitor 
of CM-i-FQP-K sine ng and signalling) f a peptide 
corresponding "c zhs sc- called dJ hcnclcg^ domain (CPZ 
(inhibitor of NC&M-FGF-R binding and signalling) . 

30 

In addition, the neurit ogenic effect of C3 was completely 
abrogated by the NCSM Igl domain in solution. These 
• -ei-.I it show that the ligands such as C3 szzjt^ ; e s 
neurite outgrowth by binding to the KCftM Igl domain and 
35 thereby- activating signalling .pathways in the neurone 
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that are sensitive to the above mentioned inhihitor- 
ccnrpQunds . 

The endogenous ligand of NCAM Igl, NCAM Ig2 was tested 
5 for its effect on neurite outgrowth from ' primary 
hippocampal neurones maintained on a substrate of 
fibronectin. NCAM lg2 was added to the culture-wells 
immediately before seeding of cells. It is found that 
NCAM Ig2 stimulates neurit® outgrc : :. c ~ _ 

10 peptide . The maximal neuritogenic effect of NCAM Ig2 -es 
found at the same concentration at which the C3 peptide 
had its maximal neuritogenic effect. 

When the NCAM Ig2 domain was tested in combination with 
15 compounds known to inhibit NCAM dependent signalling as 
described for C3 above, the neuritogenic effect was 
inhibited in the same way. It thus appears that the 
. endogenous ligand NCAM Ig2 and the artificial ligand C3 
both bind to NCAM Igl and that both NCAM Ig2 and C3 
.20 stimulate neurite extension, which is believed to be due 
to activation of identical signal transduction pathways. 

When synthetic peptides derived from the binding site of 
NCAM.. Igl or NCAM Ig2 were added to the cell cultures, 
25 neurite outgrowth was stimulated. Thus, the effect of Ig2 
can be mimicked by small synthetic peptides constituting 
_ - - - S igl-lg2 ? -ce sr.ce, ne -e 

- - • - . ■ - - : - . z ■ ~ - _ intact 

.30 secondly b% fragments of the NCAM- Igl and MCAM-Ig2 domain 
and thirdly by MCAM-Igl binding peptides that wsrs 
unrelated to the peptides derivable from the " sequence . 

lerefore uhe inventors have demonstrated the novel and 
surprising principle that neurite outgrowth is promotable 
35 by compounds that bind to the NCAM Igl domain and/or to 
parts of the NCAM Igl-Ig2, which are being involved in 
SUBSTITUTE SHEET (RULE 26) 
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hemophilic NCAM binding. 

In order to control the specificity of the I g2 -peptide 
(Ig2-p) , two control peptides, P2-3S and P2-4S, were 
5 synthesised and found to have no near i t ogen i c effect. 
Reference is made to example 5). The sequence of the PI- 
SS peptide. GSILASGESHFK (SEQ ID; 24} corresponds to the 
seeuencs cf Igl-p. in which Arg~2 { Arg-6 and Ile-S are 
substituted with serines. The' sequence ■ of P2-4S peptide, 
10 GSILASGSSNFK (SEQ ID MO: 25} corresponds to the sequence 
of Ig2-p, in which Arg-2, Arg-S, Glu-8 and lie- 2 are 
substituted with serines showing that the mutated amino 
acid residues are important for the neuritogenic effect 
of the Ig2-p peptide. 

15 

NCftM Ig2 and C3 were also tested 'for their effect on 
neurite outgrowth when added in combination. The effects 
were found to be non-additive. The results further 
indicate . that NCAM Ig2 and C3 stimulate neurite extension 
20 by identical mechanisms . They both bind to the NCAM Igl 
domain and thereby activate identical signalling pathways 
• leading to neurite outgrowth. 

Putative artificial ligands say be selected and 
25 identified from peptide or non -peptide libraries. Any 

peptide I . - ----- : . - -. - 

as well as 1 z~ . ; ~. _' ' 

occurring proteins „ may be used in the search - - useful 
..• ; - : = '.-c: ~d cf li^. rari.es z r :z ~on--_s.pt; de 

30 compounds may similarly be used, 

Peptides are short molecules consisting of amino acids in 
a linear sequence . Amino acids are the building blocks of 
naturally occurring proteins which consist of long folded 
35 chains of amino acids. Thus, peptides characterised by a 
certain sequence of amino acids raay mimic a certain area 
SUBSTITUTE SEE! (RULE 26) 
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of a protein. Naturally occurring proteins consist of L- 
: inc cic residues -:~ =" zr rtificial peptides uay 
also consist of or comprise D-aniino acid residues. By 
combinatorial chemistry, mixtures of beads carrying 
5 peptides of equal length can be constructed, in which 
each bead carries peptides of a uni : " at 

al. , 1931). Such a mixture of peptides on beads Is called 
a peptide library. 

10 In the present invention, peptides were identified by 
screening * ^ random peptide • .is ecvnprs sine 
resin-bound decapeptidas with purified cecotrbinant K'CAM 
Igl . The synthesis of the resin-bound one-bead one- 
peptide library was performed using the portioning, mix 

15 procedure {Furka, k. f Sebastyyen, P., Asgedom, M. tod 
■ Dibd, G. C1SS1) Int. J. Pep. Prot. - Res. 37, 487-493). 
Polyethylene syringes served as reaction vessels 
throughout the synthesis. Screenings were done by 
incubating .the resin with biotinylatad NCAM Igl. 

20 Subsequently the resin was incubated with avidin-alkaline 
phosphatase . The substrates BCIP/K3T C Sigma) we re added as 
described by the procedure by L>s.m et al . (1992) and 
stained beads removed for micro sequencing . 

25 The most intensely stained beads were selected under 
stereo microscope and sequenced on an AS I 4'? OA equipped 
with en SSI 12QA HPLC. 22 HCRM Igl binding peptide' 
sequences were identified {PIG. 4 (A) ; SEQ ID NO:l to SEQ 
ID NO:22) . 

30 

It is to be understood that the method chosen for 
identification and selection of interesting peptides is 
not critical for the identification of a putative motif. 

35 Peptide sequences to be synthesised were chosen by 
aligning the obtained sequences and examining these for 
SUBSTITUTE SHEET {RULE 26) " 
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repeated patterns revealing putative motifs (FIG 4(B)- 
(D) ) . 

The three peptides called C3 1 D3 and D4 (FIG 4(B) -(D)) 
5 were synthesised and their binding to the SIC&M Igl domain 
evaluated by plasaon surface resonance analysis. When 
immobilised en a sensor chip, - <■ 

peptides linked to a lysine backbone {Fig . 2(C)) were used 
in order to secure an exposure of at least one £ - . . . 
10 binding to SfCAM Ig 1 in solution. All three peptides bound 
• the NC&M-Igl in solution. The three peptides- were further 
tested for their effect on neurit e outgrowth. All three 
peptides strongly stimulated neurit e outgrowth. Moreover, 
the peptides inhibited aggregation of ceils. 

15 

To investigate which properties of the peptides are 
important for the effect, various control-peptides of the 
C3- sequence were constructed and tested. 

20 To investigate the role of the individual residues in the 
C3- sequence, so-called scrambled peptides, comprising the 
same residues as C3 but in a different sequence, were 
constructed (121, 114 and C3scr in Fig. ■ 7) . Similarly, 
scrambled peptides corresponding to the residues in the 

,25 D3 and D4 sequences were constructed (scrambled D3 and 
scrambled D4 in Fig. 7) . Furthermore , peptides containing 
the C3- sequence in which basic amino acids (Ks and Rs) 
were substituted with alanines were constructed I11S - 
119 in Pig, 7) to explore the role cf the-s ;ic - 

30 amino acids. Likewise , a peptide corresponding to the C3- 

sufc = ^„-ruted with an alanine was constructed, as prolines 
are generally considered important for the structure of 
peptides. Substituting the proline with an alanine does 
35 not change the effect. Likewise, one basic amino acid 
could be alanine substituted without a change in effect . 
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In- contrast,. peptides with two to four alanine 
substitutions of the basic residues had no effect on 
. - :isg that these residues are important 
for the effect of C3. To further investigate the role of 
5 the basic amino acid residues is □» a peptide containing 
. the C3- sequence in which the basic amine acids v;e:ra 
modified by acetylaticn was constructed. The acetylaticn 

the ability to form hydrogen bonds . . A peptide in which 

10 four basic amino acids were modified by acetyiation 
{C3dacetyl. 2C(120) in Pig. 1) inhibited aggregation as C3 
indicating that not only -ho " '-_ - rut also other 
properties of the basic amino acids such as the ability 
to „i -" r. ~>- ~ -><i , -- : - - < c 

15 of C3 . Similar aggregate cultures were prepared in the 
presence of C3 as monomer, dendrimer (C3d) or as BSA- 
coupled 20-mer. Different forms of the C3 peptide were 
tested. It was found that monomeric, dendrimer ic and B8A- 
coupled forms of C3 have similar effects on aggregation. 

20 The dendrimer of the C3 sequence is the' most potent form, 
presumably due to the ability to link several of the 
receptor domains. To verify that the receptor is in fact 
the NCAM Igl domain., the cells were incubated with this 
domain prepared in Pichia pastoris in solution as 

25 described in Example .1. The presence of the NCAM Igl 
domain abrogated the effect of C3 ie :retrstir.c 
interference wich JfCAM-mediated cell adhesion of C3 . 
Tr. : .: : " ~ .z ' : : '.; : : :.s ■ : \ i - . . _. : . : ~ Igl 

binding peptides influence KCRM mediated cell adhesion 

30 and z~z:~*'~y increase the number of cell agcr_;- ~s - z 
r.al processes formed in cultures of primary neurones 
grown at high densities . 

The substitution of only two basic amino acids in the 
35 sequence of the C3 peptide completely abolished the 
neuritogenic effect. Thus, when two to four lysines and 
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arginines in the sequence were substituted by alanines, 
the neurite stimulatory effect was completely abrogated. 
This shows that the basic amino acids in the C3 sequence 
are crucial for its effect. Surprisingly, peptides in 
5 which the same amino acids were modified by acetyls t ion 
have some effect on cell adhesion and neurits outgrowth, 
although not to the same extent as „ - 

showing chat not only the charges but also ether 
properties of the baste amino acids, such as the ability 
10 to fonts hydrogen bonds, are of importance. In addition, 
the effect of the intact peptide can be -blocked by 
equimolar concentrations of the NCAM Igl domain in 
solution. This shows- that the peptide works by binding to 
the NCAM Igl domain expressed by neurones . 

15 

The effect of the ligands on proliferation and cell 
growth was also tested. The C3 peptide was found to 
initially stimulate proliferation and ceil growth. After 
this initial promotion of proliferation, the peptides 

20 stimulate differentiation by increasing neurite outgrowth 
and at the same time suppressing proliferation. Thus the 
net effect on proliferation depends on the growth status 
of the cells. An effect on proliferation has . been shown 
' r p cell cultures Srei; the ~z ' tu-_ £.-,-" 

25 :..=:-..-:-- . -.1 - PC12 cells. 

Accordingly, the ligands stimulate neurits outgrowth from 
and/or proliferation cf ' 1 f : se nc =Iis 

compound of the group I of the invention may be a peptide 
■ which binds to the NCAM Igl domain through -a binding 
motif which comprises at least 2 basic amino acid 
residues. Peptides comprising at least 2 basic amino acid 
35 residues within a sequence of 10 amino acid residues, 
suitably within a sequence of 3 amino acid residues, are 
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believed to be very interesting compounds for the purpose 
of the present invention. 

The analysis of the isolated peptide ligaads revealed 
5 that the ligands may advantageously comprise Tors than 
two basic amino acids. 

In accordance herewith, interesting peptides within group 
I comprise the sequence 

ID 

{Xaa*) a - {Xaa) p - (Xaa*> - IZ&ar) s - {Xaa*) - {Xaa} q - Uaa*) a 
wherein 

Xaa* is a basic amino acid residue, 
15 Xaa 1 is any amino acid residue, 

Xaa is any amino acid residue , and 
m,n«p,q and r independently are 0 or 1. 

The basic amino acid residues are preferably selected 
20 from lysine (K) and argisine CR) and r is preferably 1. 

The nature of the amino acid residues Xaa and Xaa 1 does 
not sees to be important . It appears that they say be any 
amino acid residue. However, Xaa 1 is preferably proline 
25 P) or glutamic acid IE) . 

In even more preferred peptides- r is 1 and at least one 
of m and n is 1. 

- V -_,-X/R-X-K/R) , wherein X has the Meaning Xaa 1 , 
suitably the sequence K/R-R/R-X-R/R or K/R-X-K/R, more 
suitably the sequence K/R-P-X/R, K/R-K/R-P-X/R, X/R-X/R- 
E-X/R or K/R-X/R-E-X/R, even more suitable K-F-K, K-K-P- 
.35 K, X-K-E-K or R-K-E-E and most' suitable the sequences A- 
S-R-X-P-K-R-N-I-K-A CSEQ ID NO:l) , A-X-X-E-R-Q-R-X-D-T-Q 
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(SEQ ID H0:2) , or A-R-A-L-N-W-G-A-K-P-K (SSQ ID NO:3} . 

It may be speculated that the reason, why the distas.cs 
between the basic amino acid residues is a variable 
5 factor in the deduced motif, is that one of the important 
properties cf the ligand may be the exposure cf 3, ...I'.:..:'; • :; 
of basic amino acid residues, i.e. an epitope comprising 
basic amino acids residues . ' Such a cluster may be created 
by a sequence of closely linked basic amino acids or 

10 alternatively through peptide /protein folding. 
Advantageously, the basic amino acid residues stay be 
exposed on the ' surface of a carrier . Particularly, 
• . .. - c ' - - ... • -drimers may form 

conformational determinants or clusters due to the 

15 presence of multiple flexible peptide monomers. , 

As discussed above , the analysis of the active peptides 
isolated from the peptide library suggests that the motif 
may comprise more than two positively charged amino 

20 acids t for example three or four basic amino acids. The 
strength of the binding and of the resulting downstream 
signal probably depend upon the number and/or the 
position of the basic amino acids in the peptide, 
---^ „: r~ ... . ... - : " - c~e strength.' 

25 The position of other amino acids in the peptide say be 
of importance, especially in the case of peptide fold: 
The variable strength of the cluster may result in 
•SitTtr'; zc _ ;ants and thus in variable strength 
in signalling. 

30 

Without wishing to " be bound by a ■ certain theory, the 
inventors believe that active Uganda to the- IffOH Igl 
e~-;„ "T ths NCaM lg2 domain are ligands which bind to the 
NCAM Ic c in and/ or the NCAM Ig2 domain thus trigger a 
35 conformational change of the domain resulting in a 
signalling cascade being initiated, which signalling 
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influences proliferation of cells and/or neurits 
outgrowth. Thus, a suitable ligaad may re any compc md 
which can trigger a conformational change of the NCAM Igl 
domain and the NCAM Ig2 domain, resulting in a dcwnstre&m 

Very interesting peptides are those which correspond to s 
part of the NCftM lg2 domain, are a mimic or fragment of 
- 

10 

The peptides may hind to' the Ig2 binding site on the IfCffiM 
Igl domain or to a binding site different from the KCAM 
Ig2 binding site. It is believed that the iigands C3, D3 
and D4 bind to a site different from the binding site of 
15 NCAM Ig2 or fragments thereof. 

Of likewise particular interest in addition to Iigands of 
the Igl domain, are Iigands of the Ig2 domain including 
the Iigands of that part of the Igl-Ig2 binding site 
20 which is constituted by the Ig2 domain. 

Other compounds which are interesting compounds for the 
purposes of the present . invention are non-peptids 
■ - - - . - - 

25 Ig2 domain or the artificial iigands . Such other 
compounds may be selected from small organic compounds , 
sugars and lipids e . as. well as pep;.-. - ; - rs peptoid 
... . . . - ^ 

30 Libraries of small organic compounds may be screened to 
identify artificial Iigands of the NCAM Igl domain, the 
NCSM Ig2 . domain and artificial Iigands of the Jgl-Ig2 
~t"t-\z site, that Is constituted t -„ts 'ZL A Igl and Ig2 
iomaine which iigands may stimulate NCftM activity. Such 

35 libraries or their construction are commonly known and 
the screening for useful Iigands may follow the methods 
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for screening disclosed in this paper, or in ways obvious 
to the skilled person. 

Such other compound may also be an anti-HCAM Igl 
5 antibody, an anti-HCSM Ig2 (tr.onc clonal, 

polyclonal or recombinant J or another antibody 
recognising epitopes in or near the binding site, that is 
constituted by the HCRM Igl and Ig2 domains, which 
antibody fur';"-:.- i - be zhimsric or human! srad. The 

10 production of polyclonal as well as a) monoclonal snt: - 
NCftM Igl antibodies and/or b) anti-HC&M Ig2 antibodies 

naj folic- sotrjsc- ~ o _ 1 ~ c „ Kice or rabbits may 

serve as the pr ' : - ' .. - - '- -.on forum, in which 

antibodies to NCAM Igl or antibodies to HCRM Ig2 are 

15 raised. Purified polyclonal antibodies may be used 
without any further treatment. Alternatively, monoclonal 
antibodies may be produced. Methods of producing 

„ monoclonal antibodies' are common in the art. Recombinant 

antibodies such as chimeric and humanised antibodies may 

20 also be obtained by methods common in the art. Possible 
active antibodies are then screened according to the 
methods disclosed above or in similar ways. 

Substances > - ths to : - .: a neurits 

25 outgrowth as well as survival and proliferation of 
- j n- - Calls - such as certain endogenous tro^h:' c ~zz~ z 
are p ' argets Irs -he s-ss : . for compcu; s *at 
facilitate neuronal regeneration and • other forms of 
neuronal plasticity SFu and Gordon, 1SS7) . Peripheral 
30 serves possess "a potential to regenerate and re-establish 
functional connections with their targets after various 
injuries . However, functional recovery is rarely complete 
and peripheral nerve damage remains a sonsiderable 
problem. In the central nervous system, the potential for 
35 regeneration is very limited. Therefore, the 
identification of substances with the ability to promote 
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functional regeneration in the peripheral" -and the central 
nervous system is of great interest. To evaluate the 
potential of a substance to promote regeneration, the 
ability to stimulate neurits outgrowth and proliferation 
5 and survival of neuronal ceils may be investigated. The 
2- * ' rinding compounds of the present 

invention are shown to promote neuxite . outgrowth and to 
affect neuronal proliferation anc are he ;£crs -cs 
likely good promoters of regeneration' of a^tr.: 
10 connections and thereby of functional recovery after 
damages as -well as promoters of neuronal function in 
other- conditions where such an effect is required. 

Accordingly, the present invention relates to .the NC&M 
15 Igl domain, the NCAM Ig2 domain and a fragment or a mimic 
thereof for use in the treatment of a normal, degenerated 
or damaged NCSM presenting cell. An example of a fragment 
of the mCM4 Igl domain is the part of the ■ NCAM Igl domain 
which is involved in the NCAM Igl-Ig2 binding site. In 
20 ' particular, the invention relates to the NCAM lg2 domain, 
a fragment or a mimic thereof for use in the treatment of 
normal, degenerated or damaged NCAM presenting cells, 
< - ~ ■= .. - ... . •-• 

and cr :?rclifs.rs.tic~ of the KQ1K presenting sells. 

2S 

The treatment may suitably be a treatment of diseasea end 
ccnditi.jns of the -en'cnl. inc. peripheral nervous Kystsr, 
or ■ e ~ rcr^r ~_ - ~ ~ - 5 .. •;. ... • - of 

1: :i- --a or conditions of the central and peripheral 

3-S nervous system, such as postoperative nerve damage, 
traumatic nerve damage, 'impaired myeii -:a~:. rr of nerve 
mr - f postiachaemic, e.g. resulting from "a stroke, 
Parkinson's disease, Alzheimer '-s disease, dementias such 
as asultiinfarct dementia, sclerosis, nerve degeneration 
35 associated with diabetes mellitus, disorders affecting 
the circadian clock or neuro- muscular transmission, and 
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schizophrenia, treatment of diseases of muscles including 
conditions with impaired function of neuro- muscular 
: nnections such as genetic or traumatic atrophic muscle 



disorders, a treatment of diseases of various organs, 
5 such as degenerative conditions " of the gonads , of the 
.pancreas such as diabetes mellitus type I and II, of the 
kidney such as nephrosis and of the heart, liver and 
bowel, and treatment or stimulation of the ability to 
learn and/or of the memory. 

10 



The present invention also relates to the use of ■ the KCMf 
Igl-Ig2 domain and/or the use of that part of the NC2VM 
Igl that is involved in the KCAM Igl-Ig2 hinding site, or 
a fragment of mimic thereof in the manufacture of a 

15 medicament for the treatment of normal, degenerated or 
damaged NCAM presenting cells. Thus, the present 
invention relates to the use of the NCAM Zg2 domain, or a 
fragment, of mimic thereof in the manufacture of a 
. medicament for the treatment of MC&M presenting cells, so 

20 • as to provide a stimulation of neurite outgrowth from 
and/or proliferation of KCSM presenting ceil®. 

In particular, the use of the 25CRM Ig2 domain, or a 
fragment cr mimic thereof in the manufacture of a 
25 medicament for the treatment of MCMl presenting cells, 
' - - -raraer.'c is for treatment of diseases or 
; : - z' - 

such as postoperative nerve damage, traumatic nerve 
paired myelination of nerve fibres, 
30. post: cl. - e, e.g. resulting, from a stroke, Parkinson t a 
Alzheimer's disease, dementias such as 
- arct dementia, sclerosis, nerve degeneration 

associated with diabetes mellitus, disorders affecting 
the eircadian clock or neiiro-muscular transmission, and 
35 schizophrenia ; for treatment of diseases, or conditions of 
the muscles including conditions with impaired function 
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of neuro-muscular connections, such as genetic or 
traumatic atrophic muscle disorders; or for treatment of 
diseases or conditions of various organs, such as 

5 such as di&bet&s mailitus type I and II , of the >i •'. - -• 
such as nephrosis and of the heart, or is for the 
stimulation cf the ability to learn and /or of the xjacr;r. 



The invention also relates 

10 : - y . - " - - .1 r " ...» -% fe5S 

defined above.- 'In part. •. . _ _ : - - 

t ' : - , - .. -- ■- ■■ being the NG&M Ig2 

polypeptide, a fragment or a peptide mimic thereof. In a 
preferred embodiment , the peptides are formulated as 

15 raultimers, e.g. bound to carriers. The peptides may 
suitably be formulated as dendrimers such as four 
peptides linked to a lysine backbone, or coupled to a 
polymer carrier, for example a protein carrier, such as 
BSA. Such formulations are well-known to the person 

20 skilled in the art. 



The invention also concerns a method of treating normal, 

~ z or 

• " .. "... - ~ ' = .. " .:" .- - as: zsi i " ro or 

25 in vivo, an effective amount of one or more of the 
compounds described above or a composition aa describee 
above, so as to provide a stimulation of neurite 
outgrowth from and/or proliferation of mem present in< 
cells. 

30 

In the method of the present invention, the treatment is 
preferably an in vivo treatment of diseases or conditions 
of the central and peripheral nervous system, such as 
- = tperative nerve damage, traumatic nerve damage, 
35 impaired myelination of .nerve fibres, postischaemic , e.g. 
resulting from a stroke, Parkinson's disease, Alzheimer's 
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disease, dementias such as mult i infarct dementia., 
sclerosis, nerve degeneration associated with diabetes 
mellitus, disorders affecting the circadian clock or 
neuro-muscular transmission, and schizophrenia j .of 
rrsea-ies or . conditions of the muscles including 
-oni: ricr~? im -.Trams a j-.nc;icn of naurc -muscular 
connections, such as genetic or traumatic atrophic 
" - " - "-2 . -c 2" 1 fis eases or conditions cf the 

organs- such as degenerative conditions of the gonads, of 
the pancreas such as diabetes mellitus type 1 and II, of 
the kidney such as nephrosis and of the. heart, 
to the central or peripheral nervous system of a patient 
in need of treatment.- and the method is characterised in 
that an effective amount of one or more of the compounds 
or a composition as defined above is administered to said 
patient. 

Furthermore , the method of the invention may also be 
such, wherein the- treatment leads to regeneration of 
nerves. The compounds are in particular used in 
combination with a prosthetic device such as a prosthetic 
nerve guide . Thus , in a further aspect f the present 
invention relates to a prosthetic nerve guide, 
characterise- . ■ . . • = . ;.- • v . ; * tli& 

compounds or the composition defined above. Nerve guides 

In a further aspect, the invention relates to a method of 
stimulating the ability to learn and/co •.: ; - r* a 
- . - which method involves administering to a project 
in need thereof an effective amount of one or more of the 
compounds as defined above or a composition as defined 
above. 

The invention further concerns a medicament for the 
; satment of diseases and conditions of the central and 
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peripheral nervous system, of the muscles or of various 
organs, which medicament comprises an effective amount of 
one or more of the compounds as defined above or a 
composition as defined above in combination with 
5 pharmaceutical!'/ acceptable additives. Such method may 
suitably be formulated for oral., percutaneous, 
.intramuscular, intracranial, intranasal or pulnranal 
nstrstion. 

10 In yet another embodiment, the present invention relates 
to a composition for use in the stimulation of learning 
and/or memory in a subject, which the composition 
comprises an effective amount of one or more of the 
compounds defined above or a composition as defined above 

15 in combination with one or more pharmaceutically 
acceptable additives. Such composition may suitably be 
formulated for oral, percutaneous, intramuscular, 
intracranial, intranasal or pulmcnal administration. 

20 As appears from the above, increased plasticity is 
believed to be beneficial in the nervous system such as 
learning and regeneration and in other conditions outside 
the nervous system involving degenerative NCAM function. 
The effect of peptides of the present invention were 

25 investigated with respect to regeneration, i.e. axonal 
outgrowth from isolated superior cervical ganglia. It was 

seems as if the observed effect is largely influenced bv 

activating of signal transduction pathways bv the If CAM 
Igl binding compounds resulting in a bell-shaped dose- 
response curve for neurits outgrowth {Fig s and 13} « Thus 
a similar bell-shaped dose-response curve will b» 
35 expected * for the effect of HCAM Igl bindin~ compounds on 
neuronal regeneration and other forms of plasticity 
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dependent on activation of NCAM-mediated signal 
transduction pathways. The affect of HCftM Igl binding 
compounds on learning could be investigated in viva by 
intraventricular infusion of the compounds in .rodents or 
5 ~ - ~ - _ " :icn cf the le amine 

abilities of the animals after injections cf various 
doses of mem Igl binding compounds. Injections should be 
performed before or at various time points after training 
as an inhibitory effect cf KCAK- antibodies on certain 

10 forms of learning has been demonstrated when such 
injections were performed 5 to 8 hours following training 
(Scholey et al 1993) . Useful learning models for 
evaluation of ' the effect of NCAM IG1 binding compounds on 
learning include passive avoidance and water maze 

15 learning in rodents or chicken. The effect of NCAM Igl 
binding compounds on synaptic plasticity associated with 
learning could be investigated in vitro or in vivo by 
measuring the induction or maintenance of long-term 
potentiation after application of NCAM Igl binding 

20 compounds, as has been done for NCAM- antibodies (Rbsxl et 
ai 1995) . 

rprising o z the mc - - and 

NCAM Igl -binding peptide ligands displaying the 

25 characteristics of a motif as indicated above stimulate 
NCAM mediated signalling. In particular, the C3 peptide , 
Igl-p and the Ig2 -peptide, Ig2-p, stimulate NCAM 
functions including neurit e extension by interacting with 
the NCAM Igl domain, thereby inducing signal 

3 0 transduction . 

Accordingly, the confounds of the present invention are 
believed to have a beneficial effect in conditions, where 
which NCAM functions have been shown to be of importance. 

.35 

As mentioned above, NCAM has been found to be expressed 
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in several tissues and organs. Thus, interference with 
NCAM transmembrane signalling may have a beneficial 
influence in diseases and disorders such as 

5 1} Diseases and conditions of the central and peripheral 
~ervt'-s system; in • which increased potential for 
regeneration and synaptic plasticity is desirable such as 
postoperative ser/e- ia 3 - 7="ic nerve dam&g« 
disorders characterised by impaired myelinatidn cf 

10 fibers; postischaemic damage, e.g. resulting from a 
s treks,- Parkinsons disease; Alzheimer s disease; other 
dementias including raultiinfarct dementia; Sclerosis; 
nerve degeneration associated with diabetes mellitus; 
disorders affecting the circadian clock; disorders 

15 affecting neuro-muscular transmission; and Schizophrenia ; 

2) Diseases of the muscles including conditions — with 
impaired function of neuro -muscular connections such as 
genetic atrophic muscle disorders; and traumatic atrophic 
20 muscle disorders; 

3 5 Degenerative conditions of various organs such as 
degenerative conditions -of' the gonads; degenerative 
conditions of the pancreas including disorders involving 
25 p-cells; diabetes mellitus type I and II; degenerative 
conditions cf the kidneys such as nephrosis; and 
degenerative conditions of the heart, liver and bowel. 

Jls mentioned above, the present invention also relates to 

30 medicaments -and. compositions. Strategies in formulation 
development of medicaments -and compositions based on the 
compounds st the present invention generally correspond 
to formulation strategies for any other protein-based 
drug product. Potential problems and the guidance 

35 required to overcome _ these problems are dealt with in 
several textbooks, e.g. "Therapeutic Peptides- and Protein 
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Formulation. Processing and Delivery. Systems*, Ed. A.K, 
Banga, Technotnic Publishing AG, Basel, 1995. 

Injectables are usually prepared either as liquid 
5 solutions or suspensions, solid forms suitable for 
solution in, or suspension in, liquid prior to injection. 
The preparation may also be ■ emulsified. The active 
ingredient is often mixed with excipients which are 
pharmaceutically acceptable and compatible with the 
active ingredient.' Suitable excipients are, for example, 
water, saline, dextrose, glycerol, ethanol or the like, 
and combinations thereof. In addition, if desired the 
preparation may contain .minor amounts of auxiliary 
substances such as wetting or emulsifying agents, pH 
buffering agents, or which enhance the effectiveness or 
transportation of the preparation. 

Formulations of the compounds of the invention ■ can be 
prepared by techniques known to the person skilled in the 
art. The formulations may contain pharmaceutically 
acceptable carriers and excipients including micropheres , 
liposomes, microcapsules, nanoparticles cr the like. 

The preparation may suitably be administered by 
injection, optionally at the site, where the active 
ingredient is to exert its effect. Additional 
formulations which- are suitable for other modes of 
adndnistrsticn include suppositories , nasal, pultacnal 
and, in some cases, oral formulations. For suppositories, 
:.-nai 'binders, and carriers include polyalkvlsne 
glycols or triglycerides. Such suppositories may be 
;crvei from mixtures containing the acti'-e - • .» • 

in the range of from 0.5% to 10%, preferably 1-2%. Oral 
formulations include such normally employed excipients 
as,. for example, pharmaceutical grades of mannitol, 
lactose, starch, magnesium stearate, sodium saccharine, 
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cellulose, magnesium carbonate, and the like. These 
compositions take the form of solutions, suspensions, 
tablets, pills, capsules, sustained release formulations 
or . powders and generally contain 10-95% of the set Its 
5 ingredient (s) , preferably 25-70%. 

Other formulations are such suitable for nasal and 
pulmonal administration, e.g. inhalators and aerosols . • 

10 The active compound may be formulated as neutral or salt 
forms. Pharmaceutical!}- acceptable salts include acid 
addition salts (formed with the free amino groups of the 
peptide compound) and which are formed with inorganic 
acids such, as, for example, hydrochloric or phosphoric 

15 acids, or such organic acids as acetic acid, oxalic acid, 
tartaric, acid, mandelic acid, and the like. Salts formed 
with the free carboxyl group may also be derived from 
inorganic bases such as, for example, sodium, potassium, 
ammonium, calcium, or ferric hydroxides, and sucluprganic 

20 bases as isopropyl amine , trimethyl amine , 2-ethylamino 
ethane! , histidine, procaine, and the like. 

The preparations are administered in a manner compatible 
with the dosage formulation, and in such amount as will 

25 be therapeutically effective. The quantity to be 
administered depends on the subject to be treated, 
■ including, e.g. the weight and age of the subject, the 
disease to be treated and the stage of disease. Suitable 
dosage ranges are of the order of several hundred p.g 

30 active ingredient per administration with ' a pref erred 
range of from about 0.1 <ig to 1000 fig, such ae in the 
~v:- £ from about 1 fig to 300 fig. and especially in the 
range rf from about 10 fig to 50 pig. Administration may be 
performed once or may be followed by subsecuentlv 

35 administrations. The dosage with also depend on the route 
of administration and will vary with the age and weight 
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of the sub j ect to be treated. 

Some of the compounds of the present invention are 
■sufficiently active,, but for some of the others., the 
effect will be enhanced if the preparation further 
comprises pharmaceutical^ acceptable additives and/or 
carriers. Such additives and carriers will be known in 
the art. In seme cases, it will be advantageous to 
include a compound, which promote delivery of the active 
substance to its target. 

In many instances, it will be necessary to administrate 
the formulation multiple times. Administration may be a 
continuous infusion, such as intraventricular infusion or 
administration in more doses such as more times a day, 
daily, more times a week, weekly, etc. It connection with 
the use in nerve guides, the administration may be 
continuous or in small portions based upon controlled 
release of the active compound (s) . Furthermore, 
precursors - may be used to control the rate of release 
and/or site of release. Other kinds of implants and well 
as oral administration may similarly be based upon 
controlled release and/or the use of precursors. 

The treatment needs not be a treatment of an diagnosed 
disease, but may alternatively be a prophylactic 
treatment of subjects in general or of subjects known to 
have a high risk of getting one of the disease discussed 
above t 

The invention is further illustrated by the non-limiting 



EXAMPLE 1 
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t~*~ s -- ' - -" -r^Ptor la domain 1 of NCRM 

The 1-1- detain cf I* IA>. c~ . - s s _ .: :.cc ; 

protein in Pichia pastorls. The cDKA fragment encoding 
5 aiainc acids 1-9? of rat MCftM was ayachesised by -PGR and 

the pHIL-S! plasmid (Irtvitrogea - - g 

USA} . An S. coli strain Top 10 F 1 ( Invitrogen Corporation/ 
San Diego , USA) was used for transformation. The 

10 recombinant plasmid was linearised with Ksi I and used for 
transformation of Pichia pastoris strain His 4 GS-11S 
(Invitrcgen Corporation,. -San Diego, USA) . Transformation 
and selection was performed according to a Pichia 
Expression Kit manual supplied by the manufacturer. The 

15 recombinant .protein was designated as Igl ?? (Ig-like 
domain 1 produced in P. pastoris}. The authenticity of Igl 
PP was secured by amino acid sequencing and MALDI-MS 
■ confirming the expected molecular weight of 11 kD. Cells 
were grown essentially according to the Pichia Expression 

20 Kit manual. After induction supernatant from growing cells 
-was filtered through a 0.21 mm filter, concentrated by 
ultrafiltration and purified by gel filtration using a 
Sephadex G-50 column (Pharmacia Biotech A3, Sweden) . 

25 EXAMPLE 2 

The cDKA encoding the Ig2 domain cf : ss hy? ;hes^ssd 

by PGR corresponding to residues 100 to 191. Rat NCAM-120 

30 cDHA was used as template-. The amplified cDHA fragment 
was subcloned into a SnaBI/Avrll site of -he pPJC9I 
plasmid {Invitrogen} . The recombinant plasmid- was 
linearised with Sacl and used for transformation of 
Pichia pastoris strain His 4 GS-115 (Invitrogen) 

35 according to the protocol supplied by the manufacturer. 
The recombinant Ig2 domain of NCAM was expressed after 
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induction in a 2 litre fermentor CMBR Mini Bioreactor, 
MBR Bioreactor AG) . Thereafter, the expression medium was 
concentrated 10 times by ultra- filtration . The Ig2 domain 
was purified by gel -filtration by means of Sephadex G25 
5 {Pharmacia) followed by ion exchange chromatography using 
a 5 ml Hi Trap SP column (Pharmacia) yielding 10-15 rag per 
litre of expression medium. The authenticity of the NCAM 
Xg2 domain was confirmed by amino acid sequencing and 
mass spectroscopy. In the N- terminal, the original 
10 residues Lys-1 and Leu -2 were replaced with Tyr-1 and 
Val-2 due to cloning site considerations. 

The disclosed model of dimerization of the first two 
domains of NCAM was experimentally demonstrated by the Use 
15 of a group mutation approach as follows. 

The following three mutations were made and the mutated 
NCAM (2 0-208} domains were produced as recombinant 
proteins: NCAM(20-208) with three mutations in the domain - 

20. 1 E30A, E35A. K37A, NCAM (20-208) with three mutations in 
the domain-2 R132A, R196A, E1S8A and NCAM (20-208) with 
three mutations in the domain- 1 E30A, E35A, OTA and three 
mutations in the domain- 2 R1S2A, R13SA, E198A. Imitations 
in the two sites of interest were introduced by PGR using 

25 75 bp long 5 ! and 72 bp long 3 1 primers containing the 
mutations C5 f CTG CAG GTA GAT ATT GTT CCC AGC CAA GGA GCC 
ATC AGC GTT GGA GCC TCC GCC TTC TTC CTG TGT CAA GTG GCA 3' 
and 5' ATT CSC AAT GAC CTG ART GTC CTT GAA GTT GAT GGC CCC 
GGC GGC CAG GAT GGC GCC CTC ACA GCG GTA AGT 3 « ) . 

30 

. Three mutants of HCSM {20-208) were produced. In the first 
mutant residues Glu-30, Qlu-35 and Lys-37 from the 
homophilic binding site of domain-1 were substituted with 
Ala, In the second mutant residues Arg-132, Arg-156 and 
35 Glu-198 from the hemophilic binding site of domain 2 were, 
substituted with Ala. The third -mutant had 6 residues Glu- 
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30, Glu-35, Lys-37, Arg-192, Arg-lSS and Glu-198 
substituted with Ala. 

Following the confirmation of the presence of mutations by 
5 restriction analysis and DNA sequencing, it was verified 
that there were no significant variations in expression 
levels or in purification patterns for the mutants in 
comparison with the unmutated NCAM{20-208) . By the use of 
gel filtration chromatography it was revealed' that 

10 NC&MI2Q-20S) eiutes as a dimer at - 46 kDa, which finding 
provides for offering an easy and reliable way of 
monitoring the effects caused by mutations in .the 
hemophilic binding site when compared to the finding that 
the mutated proteins appeared to elute as a monomer at ~ 

15 23 kBa. Thus, it was demonstrated' that the mutations 
abolish the dimer formation, which obviously suggests 
that one or several pairs of the six mutated residues are 
involved in the dimer formation. 

20 It was shown by the use of *H NMR spectra of each of the 
three mutated proteins that both domain- 1 and domain- 2 of 
the mutated double domains are folded very similar to 
Ids in the u : - " ' 

25 EXAMPLE 3 

: ' = - _ --'-v. ZJZ of resin-bound deca^entMe 

~" = " . : ■ .. ■ ; :: - - e : „.:. - „- " • ■ v • dr. 

30 library was performed using the portioning, mix procedure 
(Purka, A. et al. , (1991) Int. J. Pep. Prot. Res". 37, 487- 
493 } . Polyethylene syringes served as reaction vessels 

TentaGel resin {Rapp Polymers, Tubingen, Germany) was 
35 divided into 18 aliquot s and the protein L- amino acids 
except cysteine and histidine were used. Side-chains were 
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protected with the following protecting groups; Asp {tBu) , 
GluCtBu) , Tyr (tBu) , Ser<tSu>, Thr(tBu) , Asnftrt) , 
Gln(trt) , LysCBoc), Trp(Boc) , Arg(pmc) . Ftnoc -protected 
amino acids (5. eq; Milligen or Novabiochem) were coupled 
5 overnight using 5eq DIG and 5eq KOBt . Removal of the Fmoc 
group was accomplished with 25% piperidine in DMP for 20 
min. The side chain protecting groups were removed with 
82.5% TFA, 5% anisole, 5% H 2 0, 5% EDT, 2.5% thioaniscle at 
room temperature for 2.5 h followed, by washing with 

10 t etrahydra f uran and 1% EOAc and the resin was subsequently 
iycphiiised. Screenings were done by incubating 2 ml resin 
(equivalent to ca. 10 s beads) with biotinylated receptor 
in Tris/HCl buffer (Tris/HCl 0.025 M, pH 7.2, 0.25 M NaCl, 
0.1 % {w/v) Tween 20} containing 0.1% Gelatin (Sigma) for 

IS 60 min. Subsequently the resin was washed in Tris/HCl 
buffer and incubated with avidin- alkaline phosphatase 
(diluted 1:20000) for 30 rain. The substrates BCIP/NBT 
(Sigma) were added as described by the procedure by Lam et 
al. (1992) and stained beads were removed for micro 

20 sequencing. The library was screened with ' the receptor 
NCftM Igl-PP (10 mg/ml) . 



EXA*G?L3 4 



S^Guencinc? of beads and ■^alg gfcigPL_af. .. pent ides to be 
. '- . "7 " - " .- : - : 

The most intensely stained beads were selected under 

jonepxcuous finding was the high prevalence of the basic 
amino aeids lysine fx) and arginise (R> in these 
identified NCAM Igl binding sequences. Peptide sequences 
to be synthesised and used in the further investigations 
were chosen by aligning the obtained sequences and 
examining these for repeated patterns revealing putative 
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motifs. Three apparent motifs were identified within the 
peptides. The first motif was the sequence K/R-K/R-P-R/R- 
K/R-N/S that was partially conserved in a group of 
peptides including the C3 peptide as shown in Fig. 4B. 
5 The second • motif was K/R-K/R-E-K/R-X.-K/R-K/R found 
partially conserved in three peptides including D3 (Pig. 
■ iC) . The third motif, G-X-K/R-P-K/R, was found in two 
peptides Including D4 (Fig. 4B) . 

10 EXAMPLE 5 

Synthesis of p e ptides 

One peptide, Xgl-p (SEQ ID NO: 25} derived from' the 
sequence of NCAM Igl was synthesised as described below. 
15 In addition, one peptide, Ig2-p {SEQ IB NO: 23) derived 
from the sequence of Ig2 was synthesised as described 

below. From combinatorial libraries 22 NCAM Igl -binding 
sequences (SEQ ID NO: 1-22) were identified. 

20 Three peptides, C3 (SEQ IB NO:l) , D3 (SEQ ID NO: 2) and D4 
{SEQ IB NO: 3) were selected for further analysis and 
synthesised on TentaGei resin with Rink amide linker fp- 
{ (R,S) -a- 11- { 9H- f iucren- 9 -yl) -methoxyformamido) -2,4- 
dimethoxybenzyl ) -phencxyacstic acid (Novabiochem) } using 

25 Fmoc -protected amino acids (3 eg.). Coupling was performed 
for >60 min- with TBTU (3 eq.) , KOBt (3 eq.) and DIEA (4.5 
eq„). in a manual multicoiuran apparatus. Fmoc was 
- * - - 

S-, ■ J- a . s . ; . ' - j; V 

30 coupling Fmoc-Lys CFmoc*) -OH (Hovabiochem) to the linker 
res - -allowed fay Pmoc-depratection of the Fmoc group and 
further coupling of Fraoc-Iiys (Praoc) -OH was performed. After 
Fraoc-deprotection the synthesis of peptides was performed 
as above for the monomeric peptides. Peptidyl resins were 

35 deproteeted with TFA 90%, 5% H z O, 3% EOT, 2% thioanisole, 
precipitated in diethyl ether, washed three times in 
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diethyl ether, solubiliaed in 5% AcOK and lyopfailised. 
Amino acid analysis was performed using Maters picotag and 
Waters SOI purrs connected to WISP 712. Waters SOOE 
equipped with Waters 99S photodiode array detector was 
5 used for analytical and preparative KPLC on C 1S columns 
{Delta-Pak lOoA 15um, Miilipcre) . MALDI -MS was done on a 
VG TOP Spec E, Pisions Instrument. The peptides were at 
least 35% pure as estimated by HPLC . 

10 To investigate the role of important residues of the Ig2- 
peptide, Ig2-p, two control peptides, called P2-3S and 
P2-4S respectively cf the sequences GSILASGESNFK (P2-3S) 
and GSILASGSSNFK (P2-4S) were constructed. .In P2-3S (SEQ 
ID . NO: 24} , the residues Arg-2, Arg-G and Ile-9 were 

15 substituted with serines corresponding to a mutation of 
residues Arg-192. Arg-ISS and Ile-199 of the If CAM Ig2 
domain. In P2-4S (SEQ ID NO: 25} , the residues Arg-2, 
Arg-S, Giu-8 and Ile-9 were substituted "with serines 
corresponding to a mutation of residues Arg-192, Arg-ISS, 

20 Glu-198 and Ile-199 of the NCAM Ig2 domain. 

To investigate the role of the individual residues in the 
C3 -sequence, so-called scrambled peptides, comprising the 
same residues as C3 but in a different sequence, were 

25 constructed in the same way (121, 114 and C3scr in Pig. 
7} . Similarly, scrambled peptides corresponding to the 
residues in the D3 and D4 sequences were constructed 
(scrambled D3 and scrambled B4 In. Fig. 7). Furthermore, 
peptides containing the C3 -sequence in which basic amino 

30 acids (Ks and Rs) were substituted with alanines were 
:•: :r;T" s : .116 - 119 in Fig. 7) to explore the role of 
these particular amino acids. Likewise, - a peptide 
corresponding to the C3-sequence in which the pro line - 
residue fXaa A ) was substituted with an alanine was 

35 constructed. To further investigate the role of the basic 
amino acid residues in C3, a peptide containing the C3- 
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sequence in which the basic amino acids were modified by 
acetylation was -constructed (CSdacetyl. K(120) ■ in Pig. 
7} . 



Plasmo -,. Su rfsce Resonance Analw^ 

Real-time biomolecular interaction analysis was performed 
using a SIAlite instrument (Pharmacia Biosensor A3, 

10 Sweden) . All experiments were performed at 25 °C using 
Kepes buffered saline (HBS: lOmM Hepes pK 7.4, 150- mM 
NaCl, 3.4 mM EDTA, 0,005% v/v Surfactant P20 (Pharmacia 
Biosensor, Sweden} as running buffer. The flow rate. was 5 
ml/min. Oendrimer peptides C3 , D3 and D4 (four peptide - 

15 monomers coupled to a backbone consistina of three 
lysines) were immobilised cn a sensor chip CMS (Pharmacia 
Biosensor AB, Sweden) using the following procedures the 
chip was activated by 10ml 0.05 H N- hydroxysuccinind.de , 
°- 2 M K-«thyl-H' - (dimethylaminopropyl) carbodiimide t 

20 peptides were immobilised using 35 ml peptide solution in 
BBS at a concentration of SO pg/ml; finally the chip was 
blocked by 35 fil 1 M ethanolamine hydrochloride pH 8.5. 
Binding of Igl to dendrimer peptides: 50 ml of igi or Igll 
at the indicated concentrations were applied. The chip was 

25 regenerated by two 5 ml pulses of 5 mM NaOH. Two 
independent experiments were performed. The results 
confirmed that C3, S3 and D4 bind to the NCAM Igl domain. 

EXAMPLE 7 

30 

- ~,. 2.:\ ■ ■ - - -r ^= _ - 

1) Influence of ICSM Xgl binding compounds on NCAM 
mediated cell adhesion. Hippocampal cells were prepared 
from rat embryos gestational day 17-19. Cerebellar cells 
35 were prepared from postnatal day 4-7 mice. Ceils were 
grown in a defined medium consisting of BMEM/P12 (Gibcc, 
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BRL) supplemented with K2 (Gibco, BHL) or Neurobasal 
supplemented with B27 (Gibco, BEL) , in both cases 
supplemented with 20 mM HEPES {Gibco, BRL) f 0,4% w/v 
bovine serum albumin (Sigma) and 100 iu/ml penicillin- 
5 streptomycin. Dissociated cells were seeded in SO well 
microtiter plates (50.000 in 15 ml per well) essentially 
as described (Maar et al. , 1995) . After 24 h, the amount 
of aggregates were counted. Peptides to be tested were 
added to the cell suspension immediately before seeding 

10 of cells in the microweiis . When the KCiiK Igl binding 
peptides . C3 , D3 and D4 were present during the 
aggregation of ceils, a higher number of cell aggregates 
resulted when quantified 24 h after seeding of cells. 
Pig, 5 shows- the number cf segregates measured 24 Ii after 

15 seeding of cells in the presence of C3d in the indicated 
concentrations in /xM (concentration calculated -with 
respect to the- amount of peptide monomers present on the. 
peptide -dendrimers ) . The peptide moreover resulted 1£ an 
increase in the number of neuronal processes formed (Fig. 

20 6) . D3- and D4 - dendr imer likewise increased the number of 
aggregates • formed after 24 h. Scrambled peptides based on 
the C3- sequence also inhibited aggregation. The effect of 
the various peptides tested is shown in Fig 7 . To 
localise the active residues of the C3 -peptide, alanine 

25 substitutions were carried out. Substituting the proline 
1 „ j.. _._i< . . . • . . ' - ;e, one 

basic amino acid could be 'substituted by alanine without 
a change in effect, thus such a peptide (termed *lis« in 
Fig. 7) . In contrast, peptides with two to four alanine 

30 substitutions- of the basic residues had nc effect on 
- ->r;;,c.: indicating that these 'basic rest-dues are 
.-■ ;- for the effect of C3 . Similar aggregate 
cultures were prepared in the presence of C3 as manom&i ■ 
dendrimer or as 3SA- coupled 20-mer. Different forms of 

35 the C3 peptide were tested. It was found that monomeric , 
dendrimeric and BSA- coup led forms of C3 had similar 
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effects on aggregation. However, the dendrimer of the C3 
sequence was the most potent- form, presumably due to the 
ability to link several of the. receptor domains. To 
verify that the "receptor was situated in the NCAM Igl 
5 domain, the cells were incubated with this domain 
prepared in Pichia pastor is as described in Example i in 
solution in a concentration of 5.4 or 54 fig/ml. The 
presence of the NC&M Igl domain abrogated the effect of 
C3 demonstrating an interference with NCAM-mediated cell 
10 adhesion of C3 . These experiments show that the here 
identified NCMi Igl binding peptides influence NC&M 
mediated cell adhesion and thereby increase the number of 
cell aggregates and neuronal processes formed in cultures 
of primary neurones grown at high densities 

15 

The effect of the NCAM Ig2 domain and the peptides Ig2-p 
(SEQ ID NO: 23} and Igl-p (SEQ ID NO : 26) was tested in 
hippocampal aggregate cultures prepared as described 
above. It can be seen that the number of cellular 

20 aggregates increased in a dose -dependent manner when 
cultures were treated with various concentrations of the 
Ig domain 2. In treated cultures, aggregates were smaller 
when compared to control cultures, indicating, that the Ig 
domain 2 causes a decrease in intercellular adhesion. The 

25 Ig2 -peptide also inhibited aggregation of cells. By 
comparing the effects of the Ig domain 2 and Ig2 -peptide, 
it can be seen that both compounds strongly inhibited 
aggregation in a concentration- dependent manner. To test 
whether inhibition of aggregation of hippocampal neurons 

30 by the Ig2 -peptide was specific, peptides in which 
several residues involved in the binding of the Ig domain 
2 to the Ig domain 1 were substituted with Ser were 
tested The peptide P2-3S (SEQ ID NO: 24) , in which Ar<x- 
2, tag- 6 and He- 9 were substituted with Ser had no 

35 inhibitory effect. An Ig2 -peptide, P2-4S {SEQ ID MO: 25), 
' in which additionally Glu-8 was substituted with Ser had 
only a slight inhibitory effect on aggregation of 
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hippocampal cells. These results show that amino acid 
residues in the Ig 2 domain involved in its binding to 
- the Ig domain i are important for NCAM mediated 
intracellular adhesion. We also tested the effect of the 
Ig'i-P peptide in aggregate cultures as described. This, 
peptide also inhibited aggregation of cells showing that 
the part of the NCRM Ig2 domain contributing to the 
binding site in the NCAM Igl-Ig2 domains is important for 
NCAM mediated intracellular adhesion 



2} NCRM Igl binding compounds promote neurite outgrowth. 
Hippocampal cells were prepared from rat embryos 
gestational day 18. 5000 cells/well, corresponding to 
approximately 4000 ceils/cta 2 , vera seeded in 8 well 
15 LabTek Tissue Culture Chamber Slides with a growth 
surface of Pexmanox plastic (NUNC A/S, Denmark) or 
f ibronectin (cocultures) . and maintained for 20 h as 
described in Example 7 {1} . 

20 For cocultures.. neurones were seeded on monolayers of 
fibroblasts, either L-celis or 3T3 cells with or without 
NC&M-B expression. Neurones were visualised using 
immunohistochemical staining for growth associated protein 
43 kD (GAP43) . Briefly, cells were fixed 30 min" in 4% 

25 paraformaldehyde in phosphate buffered saline (PBS) . The 
primary antibody was rabbit anti-GAP43 1:100 in PBS with 
1% fetal bovine serum (FBS) , 0.1% bovine serum albumin 
{BSA), 50 mM glycine., 0.02% NaN 3 , 2% sapcnine Ih at room 
temperature or overnight at 4*C. The second antibody was 

30 biotinylated swine-anti-rabbit immunoglobulins 1:100 in 
PBS with 1% BSA Ih at room temperature'. The third "layer" 
was strept&vidine coupled to PiTC or horse radish 
peroxidase (KRP) 1:100 lh at room temperature. Between, 
layers, washings were perforated 3X20 rain in PBS with 1% 

35 BSA. Images of living or stained neurones were captured 
and analysed by the 'image analysis program Line Length 
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created at the Protein Laboratory. Putative axons were 
identified as the longest neurite of each cell. Only 
' neurites longer than 10 mm were considered. 

5 Pig. 8 shows the effect of C3 added to cocultures of 
primary hippocarapal neurones on monolayers of fibroblasts 
stably expressing NCSM-140 (LBN) or monolayers of 
fibroblasts without KC&M expression (LVN) . In this model, 
KCRM expressed by transf ected ' fibroblasts induce an 

10 increased neurite outgrowth from neurones. The mean 
length of neurites on NCAM- expressing fibroblasts was 
longer than the mean length of neurites on fibroblasts 
without NCAM expression. In the presence of C3, there was 
no difference between the length of neurites on 

15 fibroblasts with or without NCAM expression showing that 
C3 binds to NCAM (0.54 or 5.4 /*M) in both cerebellar and 
hippocarcpal neurones. When neurones were maintained on 
'fibroblasts without NCAM- express ion, neurite extension 
was stimulated by C3 in similar concentrations when 

20 compared to controls maintained in the absence of C3 . 
This shows that C3 stimulates neurite outgrowth. 

To investigate the stimulatory effect on neurite 
extension, cells were prepared as described and seeded on 
25 a substrate of plastic or fibronectin. Cells were then, 
maintained for 21 h and neurite outgrowth was analysed by 
computer- assisted image analysis using the program 
Linelength. The mean length of the longest neurite of 
each cell was measured for neurites longer than 10 »M. In 
3 0 addition, the mean number of branchpoints per neurite and 
the mean number of neurites per cell were determined. 
NCAM Igl binding peptides C3, D3 and D4. were added 
immediately before seeding the cells. This resulted in an 
- increase in neurite outgrowth. The results for the 
35 measurements of the longest neurite per cell are shown in 
Fig. 2 and Pig. 10 in which the concentrations are given 
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in |iH. A similar dose-response relationship was found 
when measuring the number of neurites per cell and the 
branching of neurites. Scrambled peptides with similar 
amino acid composition but altered sequences had similar 
5 effects as C3, D3 and D4. The effect on neurite outgrowth 
of the tested NCAM Igl binding peptides and the various 
control -peptides is shown in fig. 7, 

To investigate which properties - of the NCAM Igl binding 

10 peptides were important for the observed neuritogenic 
effect, peptides corresponding to the C3 -sequence, 'but 
having alanine substitutions cf basic amino acids vers 
tested for their effect on neurite outgrowth (Fig. 11) . 
The length of the longest neurits, the number of neurites 

15 per cell and the branching of neurites was strongly 
stimulated by the C3 peptide (0.54 jiM) . A peptide with a 
similar sequence apart from one alanine substitution of a 
basic amino acid had similar effects. In contrast, 
peptides with two to four alanine substitutions had no 

20 effect. To investigate the mechanisms of this effect, • the 
C3 peptide (0.54 fiM) was added in combination with 
various compounds known to- inhibit NCAM dependent 
signalling (Fig. 12 and Fig. 13} . The .following compounds 
were found to inhibit the stimulatory effect of C3 on 

25 neurite extensions 10 (ffl verapamil C R ve"' inhibitor of L- 
type voltage dependent calcium channels), 0.27 oraega- 
conotoxin GVIft ("co" inhibitor of N-type voltage 
dependent calcium channels) , l fig /ml pertussis toxin 
' 'perwts' inhibitor of certain G-proteins) , an erhstatin 

30 analogue C»erb" 0.2 uM. inhibitor of certs ;r tyrosine 
kinases) , antibody to an acidbox epitope in fibroblast 
growth factor receptors <FGF-Rs} {1:200 inhibitor of 
NCAM-FGP-E binding and signalling) , a peptide 
corresponding to the so-called GSM homology domain {CKD} 

35 {175 iM, inhibitor of NCAM-FGF-R binding and signalling) . 
In addition, the neuritogenic effect of C3 was completely 
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abrogated by the HCftM Igl domain, prepared as described 
in Example 1, in solution. These results show that C3 
stimulates neurits outgrowth by binding to the NC&M Igl 
domain ana thereby activating signalling pathways in the 
5 neurone that are sensitive to the above mentioned 
i n-r - . : c : - : p z ands . 



To investigate the endogenous iigand of NCAM Igl, the 
NCAM Iga domain was prepared in Pichia pastoris (see 
Example 2) and tested for its effect on neurite outgrowth 
from primary hippccampai neurones maintained on a 
substrate of fibronectin. The polypeptide comprising the 
domain was added to the culture -wells immediate before 
seeding of cells. Fig. 14 shows the mean length of the 
longest neurite measured 21 h after seeding of primary 
hippocampal neurones in the presence of NCAM Ig2 
polypeptide { n pLcop2") in the indicated concentrations. 
It shows that NC&M Ig2 stimulates neurits outgrowth with 
a bell -shaped dom- response relationship similar to that 
of the C3 peptide. The' maximal neuritogenic effect of 
NCAM Ig2 was found at a concentration of 5.4 fig /ml which 
corresponds to 0.54 /zM of the domain. This is the same 
concentration at which the C3 peptide had a maximal 
neuritogenic effect . The NCAM 2g2 domain was then tested 
in combination with compounds known . to inhibit NCAM 
dependent signalling as described for C3 above. These 
sompoun&s also inhibited the neuritogenic effect of NCRK 
Ig2. Thus, ISCfM Ig2 and C3 both binds to ' c;-;' Igl and 



by 



on neurits outgrowth when added in combination. The 
effect of NCAM Ig'2 was found to 'be non- additive to that 
of C3 {Fig. 15) . The results shown that NCAM Ig2 and C3 
stimulate neurite extension by identical mechanisms. They 
both bind the SCAM Igl domain and thereby activate 
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identical signalling pathways. leading to neurits 
outgrowth. 

It was shown that the Ig domain. 2 and a peptide 
encompassing residues 191-202 of the Ig domain 2 had 9 
direct effect on neurits outgrcvr - z3-~-:' oz':~c 

were grown at a low density and treated with various 
concentrations of the compounds as described above. To 
measure neurite outgrowth from hippocampal neurons a 
simple procedure based on stereoiogicai principles was 
used. ' Briefly, by means of the software package 
"ProcessLength" (Protein Laboratory, University of 
Copenhagen) an unbiased counting frame containing a grid 
with a certain number of test -lines was superimposed on 
images of the cell cultures. The number of intersections 
of cellular processes with the test- lines was counted and 
related to the number of cell bodies, . thereby allowing 
quantification of the total neurite length per cell. Both 
the Ig domain 2 and the Ig-peptide strongly stimulated 
neurite outgrowth from hippccampal neurons in a dose 
. dependent manner. Substitution of either three or four 
residues with Ser in the Ig2-p as described abrogated the 
ability of the Ig2 -peptide to stimulate neurits 
outgrowth. In order to increase potency of the Ig2- 
peptide f we synthesized a dendrimer (Ig2-pd) composed of 
four monomers coupled to a lysine backbone. The dendrimer 
had a strong neuritogenic effect with a bell shaped dose- 
response • relationship ■ within the same range of 
concentrations as it was found for the stimulatory effect 
of the Ig domain 2 . It was observed that ' in hippocampal 
cultures treated with the dendrimer at the optimal 
concentration 3.5 pM, neurons exhibited a much > 
extend of morphological differentiation than 
controls. Thus, we identified an NCAM- derived r>€ 
ligand with a strong neuritogenic activitv. Pent ides in 
which several residues corresponding to those involved in 
the binding of the Ig domain 2 to the Ig domain 1 were 



SUBS1TIUTE SHEET (RULE 26) 

CJ-. Ci34;s?5 2C01-03-28 



WO 00/18801 



71 



PCF/DK99/00500 



•substituted with Ser, were tested. The peptide P2-3S, in 
which &rg-2, Arg-S and Ile-9 were substituted with Ser 
-had no stimulatory effect. An Ig2 -peptide, P2-4S, in 
which additionally Glu-8 was substituted with Ser 
5 likewise had no stimulatory effect on neurits outorowth 
from hippocampal cells. Thus these residues are important 
for the neuritogenic effect of the Ig2-p peptide. 
Accordingly, the residues Arg-192, Arg-196, Glu-198 and- 
Ile-199 can be considered to be important for the 
10 neuritogenic effect of the NCAM Ig2 domain. 

Moreover, hippocampal cell cultures were grown in the 
presence of the Ig2-p peptide and the first Ig domain. It 
was seen that the addition of the Ig domain 1 caused a 

15 decrease in the neuritogenic activity of the Ig2 -peptide. 
In addition, antibodies against FGFR, CAM homology domain 
(CHD) of the receptor and a specific inhibitor of 
phospholipaseC-y (PLCy) was demonstrated to inhibit 
neurlte outgrowth induced by the Ig2-p peptide. Indeed, 

20 both ant i- FGFR and CHD inhibited, while U- 73 12 2, the 
inhibitor of PLCy, completely abrogated I g2 -peptide 
induced neurit e outgrowth . These data show that the Ig2- 
peptide stimulates neurite outgrowth through the NCAM- 
FGFR signalling pathway. 

25 

The Igl-p peptide was further shown to promote neurite 
outgrowth in hippocampal cell cultures prepared as 
described abo^e. This shows that a sequence corresponding 
to the part of the Igl domain involved in the KfCAM Igl- 
30- Ig2 binding can directly stimulate neurite outgrowth. 



We additionally tested whether mutations 
residues change the activity of the Ig domain 
regard to neurite outgrowth. It was seen that t 




35 Ig domain 1-2 (Igl-2) had only slight, if any effect on 
neurits outgrowth, which is not surprising ' since in a 
dimer all potentially binding sites are blocked. Is the 
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presence- of the stated double" domain, extension of 
neurites from hippocatnpal cells was inhibited in a dose 
.dependent manner. We therefore conclude that the ~*«-*d«« 
potentially involved in the binding between the^first two 
Ig domains are important .for HCSM-mediated tt^Z 
cutc-ro^th. 
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£miiferation 

Cell proliferation was determined by incorporation of 5- 
broiao^'-deoxyuridin in a cell proliferation EL ISA system 
(Amersham Life Science) according to the. procedure of the 
manufacturer. Primary hippccampal neurones were seeded in 
microtiter plates at a density of 33000 cells oer well 
in the presence of C3d in a concentration of o!a pat. an 
increased incorporation of BrdU was observed indicating a 
stimulation of neuronal proliferation. The dose -response 
.curve was bell-shaped (Pig. is) f thus at highsr . 
concentrations, C3 inhibited proliferation. C3 - also 
promoted proliferation of neuroblastoma cells. However 
the' net effect on proliferation depended on the growth 
status of cell. Hence in PC12 cells, an inhibitory effect 
on proliferation was observed concomitant with an 
increased neurits outgrowth indicating that the peptide 
stimulated differentiation of these cells. These —suits 
show that KCAM Igi binding compounds can infiuer.es 
proliferation of neurones. The net effect deoends on the 
growth status of the cells but under the proper 
circumstances, a stimulation of proliferation will 
result . 



• . ' ' ' j 

Cell growth is another way of monitoring proliferation of 
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the cells. Primary hippocanpal cells were seeded into 95 
well microtiter culture plates (Nunc A/S) at a density of 
"20.000 or 40.000 per wall in defined medium as described 
above. Cells were grown for 48 h, centrifuged in order to 
5 remove medium, fixed in 3.7% formaldehyde in PBS for 15 
min and stained with 0.5% Cristal Violet in 20 % methanol 
for 15 min. Stained cells - were thoroughly * ?<r-e,- -^.zh 
Milli Q purified water, thereafter residual dye was 
soltibilised with 0.1 M sodium citrate in 50% ethane! pH 
10 4.2 and absorbance measured at 55D am. When added in 0.8 
(M immediately preceding seeding of cells, C3 was shown 
to increase cell growth . 

EXAMPLE 10 

15 

Structure determination of the M2ilLJj2l=I<22. binding «J.fc« 
By means of the NMR spectra of the two domains of HCAM 
and their known three-dimensional structures, it was 
possible to locate the residues that form ' the binding 

20 sites on the surfaces of the two doraains. in" the 1S N-ESQC 
spectrum of 15 N labeled protein a signal for each amino 
acid residue with both a peptide nitrogen and proton can 
be observed. The determination of changes in chemical 
shifts of the signals is therefore a method to locate the 

25 sites in the protein that are perturbed for instance by 
the binding of another molecule . To the ' is ST labeled 
sample of doraain-1 of NCAM unlabelled domain- 2 was added 
to make an excess of two to one in domain- 2 . The 
corresponding experiment was performed with the iS N 
0 labeled domain- 2 of NCAM. The recorded changes in *H and 
1S M chemical shifts for each residue were mapped onto the 
structures of domain- 1 and domain- 2, respectively using a 
cut-off at 0.04 ppm and 0.2 ppm, respectively "for .the 
perturbed *H and 1E N chemical shift. The residues that 
5 experience high chemical shift -perturbation in domain- 1 
are Gly-12, Gly-17, Glu-lS, Ser-19', Lys-20, Phe-22, Cys- 
24, Arg-51, Leu- 64, Ile-66, Tyr-67, Ala-69, Ile-71, Asn- 
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34 and Lys-96, and in domain-2 the residues are Thr-131, 
Ile-132, Glu-173, Gly-174, Ile-175, Leu- 177, Ala- 17 8, 




5 signals for- these residues in the two domains report, 
that the presence of the other NCAM domain is cha: - 
the chemical environment at these sites,, suggesting that 
the other SCXM domain is binding in the neiohh, rtc 
these. 

10 

The mapping of the residues perturbed by the addition of 
the other domain show very clearly that these residues 
are located in one well-defined and coherent patch on 
each of the domain surfaces. This is a good indication 
15 that the two patches of residues on the surface are 
either parts of or in the neighborhood' of the binding 
site for the interaction between the two domains. 

Three samples were used in the structure determination, 

20 (a) unlabeled KC&M domain- 2 in H 2 0, ~ImM, (b) unlabelled 
NCftM domain-2 in D 2 Q, "ImM, and Co) i5 N- labeled SECSM 
domain-2 in H a O f ~lmM. In all cases the buffer was 50 mM 
KaCl, 20 mM potassium phosphate pH 6.0. The' following NMR 
spectra were recorded of KCAM domain- 2 and used for 

25 assignments TOCSY, respectively, in K 2 0 and in D 2 Q both 
using' a mixing time of 70 ms;. DQFCOSY, respectively, in 
H 2 0 and in B 2 Q; NOESY, respectively in H a O and in D 2 D 
using either a mixing time of 100 ms or of 200 tns; a 15 K 
KSQC; a IS N TOCSY-HSQC with a mixing time of 70 ms; and 

30 a iS N .SOSSY-HSQC with a mixing time of 100 s». The NMR 
eatperiments vers performed cn a Broker £>2£-SQG MHz 
... : arc on -. - ■ unity Inova 750 MHz 

/:'.rv:-;r:i£ter. All spectra were recorded at 238 K. The 
, -.i : ". Rent of the Ti and resonance lines from these 

35 spectra were performed using the computer program PRC PC 
For structure calculations a distance geometry/simulated 
annealing protocol from X-PLOR was used. 100 structures 
were calculated, and 70 structures were accepted by X- 
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PLOR, discriminating any structure with a NOE-violation > 
0.5 A and/or an angle-violation > 5°. of these 70 
■ structures the - 20 structures with lowest energy were 
chosen to represent the structure of NC&M domain- 2. The 
5 structure calculations used 107 intra-, 300 sequential-, 
145 short- range- and 466 long range -NCSs derived from 
2D-NOESY and 1S ST NOSSY-KSQC spectra, with upper bounds cf 
2.7, 3.3, 4.3 and 5 A. These were increased by 0,5 A when 
the MOE restraint included a methyl group. 41 A dihedral 

10 angle restraints were applied with bounds of -120 . ±40° 
and -57 ±40 e , respectively, when the 3 o mHa coupling 
constant derived from the DQFCOSY and the NOESY spectra 
were > 8 Hz or < 5 Hz, respectively. 34 dihedral 
angles were assigned by estimates cf the coupling 

15 constants and the KOS intensities from the DQFCOSY and 
the NOESY spectra, respectively, in the final structure 
calculations 78 hydrogen bond restraints were selected 
and applied as HOE restraints into the calculations with 
upper bounds of 2.1 A for the h"-0 distance and 3 A for 

20 the N-Q distance. The structures of NCAM domain- 2 were' 
examined using the program ?ROCKECK_NMR . The elements of 
secondary structure were identified using MOLMQi and 
FROCKS CK_NMR. For the binding studies of domain- 1 and 
domain- 2 six 1S N HSQC spectra of the following samples 

25 were recorded: a) "n-HSQC cf "h- labeled domain- 1 [1 mM 
and 0.5 mM) ; b) "n-KSQC of "N-labeled domain- 2 (1 mM and 
0.-5 mM} ; c) i5 K-KSQC of "N- labeled domain- 1 sdded 
unlabeled domain- 2 (ratio 0.5 mMslmM) ? d) 15 N-KSQC of 1S M- 
labeled domain- 2 added unlabeled domain- 1 (ratio 0.5 

30 mMtltnM) . The titrations of domain- 1 to domain- 2 were 
performed recording the chemical shift chances in the 15 H 
ISQC spectra. All samples were measured- at pH 6.0 and 298 
K, 50 mM NaCl and 20 mM potassium phosphate. The NMR 
experiments were performed on a Varian Unity Inova 750 
35 MHz spectrometer. Analysis of the spectra was performed 
using PRONTO. The affinity of the binding between domain - 
1 and domain- 2, was determined in a titration experiment 
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where 1S H labeled domain-2 was titrated with unlabeled 
domain- 1. In a 14 -point titration with unlabeled domain-1 
the change of. chemical shifts was measured for 10 
residues. Pitting of the binding curves for each of these 
5 10 residues resulted in the same dissociation constant K d 
of (2.5 ± 2) x 10"* M. The coherence of the patches of 
residues perturbed on the surfaces of the two NCAM 
domains as well as the identical binding constants 
measured for the perturbed sites in domain- 1 all suggest 

10 that the binding is very specific, although weak under the 
conditions of the NMR measurements. The titration was 
performed adding aliqucts of a 2:1 mixture of unlabel led 
domain-1 (2mM) and 1S N labeled domain-2 (imM) to a ImM 
solution of * S N labeled domain-2. In this way the 

15 concentration of l5 N labeled domain-2 was maintained at 
1.0 mM, and the concentration of domain-1 was gradually 
increased. Protein concentrations were determined by 
amino acid analysis. Fitting of the titration points to a 
binding curve of a' two- component interaction was 

20 performed using the program CANOO. For model building of 
the- dimer of the first two domains of NCAM, Clgl-Ig2) a 
distance geometry/simulated annealing - and restrained 
dynamic - protocol from X-PLOR was used. As restraints 
were used the restraints obtained from NOE and coupling 

25 constant measurements of domains -1 and -2. The- proposed 
intermolecular salt bridges were built into the model as 
hydrogen bond restraints and applied as NOE restraints 
into the calculations with upper bounds of 2.1 A for the 
pf-0 distance and 3A for the N-O distance. Twenty 

30 structures were calculated and tea of these structures 
with the lowest energy were selected for the evaluation 
of the model building of <Igl-lg2> of NCAM. 
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Amended Stelms, fled 2S.01.81 Irt response ts emmunication ofia.Ci.Oi 
1 



1 A compound comprising an amino tod sequence hating at s» most t a? ilr.c. 
add residues from flw amine sec sequence of neural csS adhesion mci-axjk 
(NCAM), or i mimic thereof comprising an amino ecid sequent* having sfc the 
most 1 2 amine add residues, a 



s (K^)-X-X-X^K^>X-{E^v(^//r>X.(L/!/V/F), wherein X is any 



ths sequence selected fem the group (BD}.X-(^RHWA//F>X-CSJIMf=). 
(E/D>-X.{K/R}.(fJlA//F>CL/yWF) 1 (Ert3)-X.X-X-X-<E«3)-X-(K«Hiy|/WF), (BDJ- 
X-X-X-PDJ-WHWAZ/F) or (&D>X-X^D>-X-(K^HUJA//F), 

ssid compound being capstans of binding to the'N'CAM Igi-!g2 domains and of 
stimulating or promoting neurits outgrowth from NCAM presenting cells and/or 



2 to stem 1, c 



a the NCAM !§1 dc 



3 The eompound ftcconfrg to me dalms 1 ©r 2, capable cf binding is ttw he- 
mophilic binding «• the ig1-tg2 domaina which te eanrtftutad ^ tha Egl 



4 The compound according Is any of the claims 1,. 2 or 3, wherein said com- 
pound if s fragment of the NCAM Ig2 polypeptide. 

30 

5 Tm compound of daim 4» capable «f bjndmg to ths NCAM fgl donah 
through a binding meflf which comprises at issat 2 basic amino aea residue. 

8 compound of daim 5 scmpriting at east 2 basic amino ess ^feoes 

35 - - - 
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? The compound of claim 6, comprising si leas! 2 basic amino add residues 

- x- , ~ i \ 0 - - -v-fte-rein X is myv amine sdd, nors sultabfv the es- 
quenee KiR-P-4C/a K/R-K/R-P-K/R, K/R-K/R-E-K/R or K/R-K/R-E-K/R, wen 
moft* suitably the assumes v 3 a, K-K-E4' K . , .„ 

suitably the sequence A-S-K«K-P-K-R-N-!-K-A (SEQ ID NO:l), A-K-K-E-R-Q- 
R-K-D-T-Q (SEQ ID N02). cr A-R-A4_-N-W3-A-K-P~K (SEQ ID NQ:3). 

§ The compound according to desm 1 , hs -z. cuencs A-f " f IV,- 
K-A (SEQ ID NO:1), A-K-K-E-R-Q'-R-K-D-T-Q (SEQ ID NO:2), or A-R-A-L-M- 
W-G-A-K-P-K (SEQ ID HQ:B). 

10 The compound secofding is any of claims 5-8, wherein on® df more of the 
smino sold residues Is modified, such g§ being ecefyteted. 

1 1 Th® compound accottiing So any of the dsims 5-1 0. boing identieaS to a part of 
theNCAM Ig2 domain, 

12 The eompound seconding to sny of the daims 5=10, being a fmgwant of the 
NCAM Sg2 domain. 

13 The compound according to any of claims 5-12. espabi® ©f binding to the 
NOAM Sg2 binding §ffe on the NCAM Ig1 dsmsin. 

.14 The compound according to any of claims 5-12, capable of binding to a bind- 
ing srte on the NCAM Sgi domain, wherein the binding site is different from tha 
NCAM lg2 binding site. 

1 S The compound seeordfai0 to claim 14, wherein the number of smte - : ' 
" - - - - — 

IS Ths compound scscs lag to any of the claim 14 end IS, wherein the number 



a-. C£24Ss?S 20O1-C3-2G 
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of amino add resMu&s in the seguencs of the binding motif is within 8 amine 
add residues. 

"■? "• • * x sr"-'t • 3 : n the peptide ccr . , 

hi • & usnce ffC/Rr^-C^H^Wff)-X-CL%V/F) E (K/R)-X-X- 5 ' - ■ _ r ' 

. si I residue ,msm suitably the sequences (K/FtJ-X-? ■ " , - 
<L/iMF), (K»'R}-X-X-{Ki'R}-X-(&'DHi-/l'V^) or (JVR>-X-X-X-<K^)-X-{UW/F), 
even mere suitably m@ sequences (^R^X-X^K/RJ-X^E/DJ-CU/i/V/n-X- 
(bW/F), (K,'R}-X-X.X<K/R).XnUV/F>X-{LW/F) Of (&R)-X=X«X~{K/R>.X- 
{E/DHW/V/THUl/V/F} and most suitably the ssqusnes GRILARGHNFK 
(SEQ ID Ma 23). 

IB The compound according to elafm 1?, having the sequence GRILARSEINFK 
(SEQ ID MQ:23). 

18 The compound seconding to any of th© eisim® 12-13, wherein en© or mere of 
the amino sdd residues is modified, such ss being scetyisted. 

20 Tftt eompmind according to eny ef the etelras 12-19, bsing a fragment of, or Is 
identical to a part of the hemophilic binding site of the NCAM fgl-tg2 domain 
which is consShAsd by the ?g2 domain. 

21 The compound according la claim 1, cspabla ef binding to the NCAM ig2 do- 
main. 

22 Ths compou- .*r . ; - - «. <-s 1 ©f 32, eapsbfs ef binding to the ho- 
mephlc binding she of ths ig1-fg2 domains which is constituted by the ig2 
domain. 

23 The compound according to any of the clams 1, 32 or 33, wherein said com- 



Tm can.- ' to any sf the c — 

wherein 8» hfnefog raeSf eoropfiset tt toast 2 acidic errinc sdc" rss „ - - 
at least 1 spoiar amino sa'd. 
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25 i m compound according to claim 24, wherein the number of amine a< c 

26 The compound eccordlng to skirn 17, where' rt the number t™-,m re; - 
dues In the sequence oft-- - tif ;s v^tin 9 amino add residues. 

2? Th© compound according Is the eSsfros 21-28. wherein ths p p\ - p.-.. £ 
ihd sequence (t/O}-X-X-X-<BD>-X-0C r R>-{L'!A f vF)-X-{U1A//F), wherein X is any 
amino add residue, more suitably ECJ-X-X- r-^v, l , /,y „ -:ia\ ,rr 
er (B^)=X-X^13WK^HL^^HLJA//F), even more suitsbfy the se- 
quences' (E/D)-X-X-X.XKB'D)-X.(K./R)-(y[M'FKL/l¥/F) J (E^X-X-X-fBDl-X- 
(KJRHUWlFy-X-iUWlF) er (EShX-X^X-CE^WKimKLW/Fl-ClilMF), and 
most suitably the sequence SEJSVGESKFFL (SEQ ED MO: 26). 

28 Ths compound according to ctefm 27, wherein the peptide has the sequence 
GEJSVGES KFFL (SEQ ID NO: 28). 

2S The compound according to any of the ekims 22=28, wherein on© or more of 
the amirs© add residues Is modified, such es being seetyisted. 

30 Tna compound ssssrding ts any of the claims 23-28, biting a psrt of the he- 
mophilic binding site of the NGAM Ig1-ig2 domains which Is constituted by the 
Ig1 domain. 

31 The compound according to any of the claims 1-30, wherein a fragment 

- - l 1 "■pediesment 

32 The compound according to elsim 31, wherein a fragment thereof is for ths ■ 
manufacture of a medicament far treatment of normal, degenerated er dam- 

^. ■■■ ' AM presenting calls. 

33 Use of a expound comprising at the most 12 amino acid residues from the 
amino add sequence of neural cell sonesion molecule (NGAfcfQ, or - : 
hereof, er a mlmio thereof ae defined in any cf claims 1«S2 S oipa&k, c* 
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to the NOAM Ig1-!g2 domains and of simulating or premogng neurits cut- 
growth from NCAM press ming ceils and/or prcfiferstfon hereof, 

34 The use according ta claim 33, wherein said compound are for the use is a 
§ medicament. 



35 The use according to claim 34, wherein ssld compound ere for the manufac- 
ture of s medicament for treatment of normal, d^snsrmted ©r damped 
NCAM presenting ceils. 

10 

3S Ths us esssrd^c - _ ^jtur© of a msdisamanifef 

treatment comprising the stimulsSan of outgrowth from sndfor proliferation of 

15 3? Ths use according ta dsfm S4, for the manufacture of a medicament com- 
prising treatment of diseases sr .; 
rservcus system, of Si* muscles or of various organs. 

The us® according to daim 34, comprising treatment of postoperative nerve 
damage, traumatic nerve damage, Impaired myeiirtetten of nerve fibers, pest- 
ischaemic, e.g. resulting from a stroke, Parkinsons disease, £2zhe?mers dis- 
ease, dementias such as muttiinfsrct dement" s, seiersisis, nerve mgmammn 
associated with diabetes meflitus, disorders effecting the cffssdfen clock or 
Reuro-muscyfertre^rmssien, end schkophnsRis. 
25 

38 The use according .to cfsim 34. comprising trestmeri rfdfs ic isefes, 
Z ■ - i^i' '■>--- ■ . ' ' of rseuro-mussc;.. • , c 
such- as genetic of traumatic sfropnic muscle disorders. 



38 

20 



30 40 The use seoofding ts de!m 34, catnpisLng trea&nent cf diseases el tfsrbus 
organs, such as deg eneraSvt conditions of the gonads., of the pancreas suen 

7>. i -lbs mefftue type ! and tl, of the kidney such as nepteoefe a- . '„ ■ 
heart, Bver and bowel 

3S 41 Ths use seconding to ctaim 34, comprising simulation of the sclity to team 
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and/or of the memory. 



A pharmaceutics! composition, comprising one or more of the compounds 
according to any of the claims 1-32. 



I to claim 42, wherein the conv 



44 The pharmaceutical composttien acecxc- :. ■ _ , ,~ 

1 0 pound is s fragment of the NCAM !g2 peptide. 



45 The pharmaceutics! composition according to any o*ih» 
wherein the compounds are formulated ss muffimers. 



15 4S The pharmaceutical eemposttion according to any of ths claims 42-44, char- 
acterised in that the compounds ere formulated ss dendrfrnsrs, euch as four 
peptides Unksd te a lysine backbone, or coupled to a protein carrier such as 
3SA. 



47-" * The pharmaceutical composition according to any sf the claims 42-48 fbrmu- 
fated for oral, percutaneous, intramuscular, Intracranial Intraventricular, intra- 
nasal or pulmonal administration. 



Trie pharmacetical composition according to any of the clarmi - '---A , - - 
iarfeed Ira that the pharmaceutical composition comprises an effective amount 
of ens or mere of the compounds according te any of the of aims 1-32, or a 
pharmaceutical composition according to any of the claims 42-47 and one or 
more phsrrrraceutlcsffy acceptable additives or camera. 

- won comprises an effective amount of one or mora efthe r-** , 

\a any of the claims 1-32 or a pK 
ing to any of the cWms 42-4? and one or mom pharmaceutlcally acseplaWe 
--. ©r sernera. 
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SO- The pharmaesuBeai oomposftlon according to claim 49 formulated for ersf s 
percutaneous, Intramuscular, intracranial, Wraventricular, intranasal or pA> 

- • sdmlnistraiion. 

5 

51 Lisa of a pharmaceutical cemposffc'cn as defined In claim 50, Ktftsrein ths 
cataposltfen Is in combination with a prosthetic device. 

52 The us© aeeortiing is dam 51 , wherein the device s a prosthetic nerve guide. 

10 

53 A pmsthsfie nerve guid®, characterised In that ft comprises am or mere of ths 
compounds according to sny of ths dalms 1-32, or s phamaoeuBoiI compo- 
sition according to any of the claims 42-47. 

15 54 Use sscsrding to ds!m 34, wherein said compound is sn NCAM ig1 fragment 
for trestrrierrt sf dtesasss or conditions of the central and peripheral nervous 
system, such as postoperative nerve damage, trsurnetic nerve damage, Im- 
paired myeSnailon of nerve fibers, postischsemic, e.g. resulting front a stroke, 
Parkinsons disease, Afeheirners disease, dementias such as muKlnfarct de- 

20 mentis, sclerosis, nerve degeneration associsted with eiateetes meliitus, disor- 

ders sooting the circadian dock or neure-muscu?sr transmission, and schizo- 
phrenia; for treatment ©f diseases or conditions of the muscles foduding een- 
dittons with rmpsired function of neuromuscular connections, such as genetic 
or traumatic atrophic muscle disorders; er for treatment of diseases or eondf- 

25 

pancreas such as diabetes meliitus type i §nd II, of the kidney such s$ ne- 
phrosis and of the heart, end bowel. 

m Use a«erding to cSsirn 34, wherein stud scmpcwnd is an NC - L r 2 tas 

30 for tresTmert of dfeesses or eosidibons of the central and p&r * - ' 

system, such a* pestoperaBwe news damage, traumatic ner..., w> c, 
paired myeSnatiort of n«va fibers, pestischaemlc, e.g. result f- , - ~ 

- - - , u, Aisheifnea disease, dementias sue; . . - " • ' v 
mentis, sclerosis, 'nerve deflenersHon ssscdafsd'-wSh ciato^ ms c c - 

35 a#» aSfeetirtg the crad«n dock or fieuncwiiusculaf transmission, ar : • c •• 
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Hons of various organs, sush degenerative conditions ef the genarfs, of the 
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